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Interest in penicillin is becoming world-wide, but war-time dis- 
turbances of communications luive added to the difficulty in 
some countries of obtaining access to the relevant literature, 
which covers a span of 15 years and is distributed among journals 
of divergent character. 

These circumstances seemed to indicate that a useful purpose 
might be served by a special number of this Bulletin devoted 
entirely to a survey of penicillin, from the date of its discovery 
to the close o/1943 — the year in which clinical trials on a more 
adequate scale became possible. 

Acknowledgment is due to the authors who have found the 
time — in some cases at very short notice — to contribute 
articles to this number. 

Professor L. P. Garrod has already been the subject of a 
note {BMB 48) in this Bulletin. He is a member of the 
Penicillin Therapeutic Trials Committee of the Medical Re- 
search Council, and has for many years been studying the 
chemical control of bacterial infections. His writings on this 
subject reveal a rare gift of lucid exposition. 

Professor Alexander Fleming, the discoverer of penicillin, 
has been occupied in the study of chemical antibacterial agents 
and their effect on the normal defences of the body since the 
war o/" 1914-18. He has also been deeply interested in certain 
physiological antibacterial agents, such as lysozyme, and in 
bacterial antagonisms. He is Professor of Bacteriology in the 
University of London and Assistant Director of the Inoculation 
Department of St. Mary's Hospital. In 1943 he was elected 
a Fellow of the Royal Society. 

Professor H. W. Florey graduated at Adelaide University, 


Australia, in 1921 and came to England as a Rhodes Scholar 
in 1922. He has done original work in various fields, notably 
on the mechanism of inflammatory changes, and has travelled 
widely. In 1935 he was elected Professor of Pathology at 
Oxford. In more recent years his attention has been increas- 
ingly directed to the study of bacterial inhibition, and it was 
this interest in the general problem which led him, with his 
Oxford team of scientists, to discover that penicillin can be 
purified and used as a chemotherapeutic agent. Professor 
Florey became a Fellow of the Royal Society in 1941. 

Dr. E. Chain is University Demonstrator in Chemical Patho- 
logy in the Sir William Dunn School of Pathology, Oxford. 
He has published many papers on various biochemical problems. 
His chief interests have been the study of enzymes and the 
isolation of physiologically active substances from natural 
sources. He has been closely concerned throughout with 
chemical and biochemical work on penicillin. 

Dr. M. E. Florey is, like her husband, a medical graduate of 
Adelaide University. She played a leading part in the early 
clinical trials at Oxford, and has since made a detailed study of 
the effects of penicillin applied locally. She is at present 
engaged in exploring fresh fields of clinical application. 

Acknowledgment is due to Dr. E. P. Abraham, Dr. M. A. 
Jennings and Dr. A. G. Sanders, all of the School of 
Pathology at Oxford, for the preparation of abstracts for 
the “ Review of Selected Papers." Dr. Jennings, in addition 
to contributing many abstracts and providing references for the 
bibliographies, has given much valuable help at all stages of 
the preparation of this number. 
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PENICILLIN ; US PROPERTIES AND POWERS AS A THERAPEUTIC AGENT 

LAWRENCE P. GARROD, M.D., F.R.C.P. 
from the Department of Pathology, St. Bartholomew's Hospital, London 


5 chemotherapy of bacterial infections, which had been 
e more than an ideal imtil 1935, became a reahty with 
advent of prontosil. During the rapid development of 
jhonamide treatment which followed, other organisms than 
eptococcus pyogenes were foimd to be susceptible, and 
cessful attacks on Gonococcus, Meningococcus and Pneu- 
zoccus followed in swift succession. It seemed likely at 
time that with the advent of new drugs of this type all 
bacterial infections could be brought imder control. This 
hope has been disappointed, and for some years we have 
been discovering the limitations of sulphonamide treatment 
rather than extending its scope. Even among the most 
susceptible bacteria some strains occur with exceptional 
resistance to the sulphonamide drugs, while there are many 
species relatively or wholly resistant to them. 

Another great therapeutic discovery has now been made, 
which provides a remedy for some of the infections in which 
sulphonamides fail. That it will do in certain cases what 
these drugs will not is only part of its claim to our interest : 
it is a substance with hitherto unheard-of — almost unimagined 
— properties. It combines enormous antiseptic power with 
such a degree of freedom from toxicity to the mammalian 
body that one thousand times the concentration necessary 
for therapeutic action can be produced in the blood without 
ill effect. Such a combination of deadliness to bacteria with 
harmlessness to the body is more than the most sanguine 
chemotherapist can have pictured as possible before the 
properties of penicillin became kno\vn. Treatment with it 
is governed not by the fear of over-dosage, but only by 
anxiety to employ so precious a remedy with the utmost 
possible economy. 

The two principal stages in the evolution of penicillin as a 
therapeutic agent are described in succeeding articles by the 
discoverers themselves. Professor Alexander Fleming, of St. 
Mary’s Hospital, London, and Dr. E. Chain and Professor 
H. W. Florey, of the University of Oxford. In other articles 
in this number Professor Fleming describes the use of peni- 
cillin in bacteriolo^cal techniques. Dr. Chain refers to other 
antibiotics, and Dr. M. E. Florey reviews the clinical uses of 
penicillin. 


It is my task to present a general picture of what peni- 
cillin now is and what it will do, as an introduction to the 
more detailed clinical contributions which follow. Penicillin 
is now being produced on a considerable and rapidly in- 
creasing scale, in both England and the U.S.A., by ex- 
traction from mass cultures of Penicillium notation. No 
other method of production is yet known, although synthesis 
is an eventual possibility. In each of these countries the 
output has been officially controlled, and supplies have been 
afforded for clinical trials only to chosen investigators. In 
England not only the original employment of penicillin as 
a therapeutic agent but much of the subsequent study on 
which our present knowledge is based has been due to the 
enterprise of Florey himself and his colleagues. 

The Properdes of Penicillin 

Penicillin is an imstable acid, and the preparations used 
in therapeutics are its salts. The sodium salt employed for 
systemic treatment is hygroscopic and somewhat less stable 
than the more easily handled calcium salt, which is used 
mainly for local application. Potency is expressed in Florey 
[Oxford] units, an arbitrary amount determined by com- 
parison with a standard preparation. Pure penicillin would 
have a potency of at least 1,000 units per mg . ; that in 
present use is far from pure — owing to the serious loss 
of active substance which further purification entails — and 
material with a potency of 100 units or less per mg. is 
quite satisfactory for clinical use. It has been shown experi- 
mentally that an increase in purity diminishes toxicity, and 
clinical experience has shown that untoward effects such as 
pain on intramuscular injection and fever or thrombophlebitis 
following intravenous administration are caused mainly by 
products of low potency. These effects are thus due to 
impurities rather than to penicillin itself. 

In the presence of penicillin, even in very low concentration, 
certain species of bacteria not only cannot multiply but 
slowly die. Whether this effect is “ bactericidal ” or purely 
“ bacteriostatic ” is not clear ; the distinction is not easily 
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made, and the mecham’sm of the effect is unknown, although 
the peculiar changes in bacterial morphology first observed 
by Gardner ^ suggest that at least the process of division is 
inhibited. More important from the practical standpoint is 
the fact that this effect is exerted as well in serum, blood, or 
even pus, as in a simple medium such as broth. Within 
wide limits it is also independent of the number of bacteria 
present. Yet even very high concentrations are without 
effect on the activity of leucocytes : both by this form of study 
and by several others penicillin has been shown to have almost 
no local tissue to.xicity. These facts explain the superiority 
of penicillin over sulphonamides for direct application to 
wounds; concentrated sulphonamides are by no means 
altogether non-toxic, they are far from indifferent to bacterial 
numbers, acting best when only few are present, and they are 
inhibited by the breakdown products in pus. Penicillin 
overcomes all these difficulties, and the consequent difference 
in effect is fully equal to expectation. 

It is essential to understand that penicillin exerts this 
action only on certain species of bacteria ; it is indeed the 
most highly selective antiseptic known, and for years Nvas 
used by Fleming as .m agent in selective culture media, which 
prevented the growth of some bacteria and permitted that of 
others. Most of the susceptible species are gram-positive ; 
they include the three main pyogenic cocci {Staphylococcus, 
Pneumococcus and Streptococcus pyogenes), the gas gangrene 
group (among which CL adematiens, although resistant to 
sulphonamides, is almost as susceptible as CL welchii to 
penicillin), B. anthracis and C. diphtherice. The only fully 
susceptible gram-negative species are Neisserice, the gono- 
coccus and meningococcus. Among resistant organisms are 
the tubercle bacillus and almost all gram-negative bacilli, 
including the typhoid-dysentery group (some of which are 
slightly sensitive), the genera Brucella and Hcemopliilus, and 
two frequent wound invaders, Proteus and Ps. pyocyanea. 

Systemic PenicUUn Treatment 
Penicillin can be used therapeutically in two ways : It can 
be applied locally, or administered by parenteral injection so 
that it circulates in the blood and reaches every part of the 
body. The former method is economical but often difficult 
and sometimes inapplicable, the latter sure in its effect but 
immensely costly, using as a rule at least fifty times the amount 
needed for local treatment. Penicillin is absorbed from the 
alimentary tract, but carmot be given by this route because 
much of it is destroyed by acid in the stomach or by bacteria 
during rectal infusion. It must therefore be injected, either 
intramuscularly or intravenously. Unfortunately it is rapidly 
excreted in the urine, and the maintenance of an adequate 
blood level has been aptly compared by Florey to an effort 
to keep a bath full with the plug out. Such a level can, how- 
ever, be maintained by continuous intravenous infusion or 
by intramuscular injections at intervals of not more than 
three hours day and night, the daily dose for an adult being 
about 120,000 units. This may have to be continued for 
seven days or even longer, A sudden and dramatic improve- 
ment is rarely seen, and sustained treatment, arduous for 
those in charge and disagreeable for the patient, is the price 
of success. 

In present circumstances it is imjustifiable to administer 
penicillin systemically for any condition amenable to sul- 
phonamide treatment. Septiesmia due to Strept. pyogenes 
or Pneumococcus is therefore treated only in the exceptional 
cases found to be sulphonamide-resistant. Staphylococcal 
septicaemia is always relatively resistant to sulphonamides, 
and penicillin, when available, is more decidedly indicated for 
this condition than for any other. Apart from septictemia, 
extensive and deep-seated infections inaccessible by local 
applications require systemic treatment ; these include osteo- 
myelitis, severe cellulitis and gas gangrene. It has recently 
been shown by Florey and Cairns in battle casualties from 
Sicily that potentially infected compound fractiues can be 
closed TOth the aid of this treatment. American experience 
suggests that sulphonamide-resistant pneumococcal pneu- 
monia ^vill respond to a very short course, and observations 
made in both the American and British armies have shown 
that cases of gonorrhoea can be cured by a total dose of little 
more than 100,000 units given in a space of about 24 hours. 
With more experience and larger supplies, further and more 
precise indications for this form of administration will doubt- 
less be obtained. 


Local Penicillin Treatment 

The local application of penicillin takes many forms, some 
calling for ingenuity which is well rewarded by the remarkable 
effects to be obtained at little cost. Application to bums and 
other superficial and accessible wounds is secured by a cream 
or powder, the only satisfactory diluent known for the latter 
being sulphanilamide. These preparations can be relied on 
to eliminate infection by hemolytic streptococci and staphy- 
lococci from such areas. Similar apph'cations are highly 
successful in the treatment of skin infections such as impetigo 
and sycosis barbs. The treatment of deeper wounds 
demands arrangements whereby a preparation can be enabled 
to penetrate them completely and persist there. A radical 
change in surgical technique is often necessary to secure this. 
Thus an abscess cavity or other infected area which would 
normally be laid widely open and drained freely may either 
not be incised at all but treated by aspirations and injection 
of penicillin solution, or if incised, it may be sutured again 
and closed, except for a small aperture conta inin g a tube 
through which the solution is introduced at intervals after- 
wards. 

The various applications of this principle are too numerous 
to detail here. Historically the first was the modified opera- 
tion which enabled the Floreys to treat mastoiditis, and the 
latest, and at present the most important, is the closure of 
recent soft-tissue battle wounds advocated by Florey and 
Cairns on the strength of their recent experience in North 
Africa. Much more remains to be done in devising methods 
of using penicillin to good effect locally in the i nfini te variety 
of wounds, sinuses and other lesions to which it can be 
applied. 

Common causes of failure are morbid anatomical con- 
ditions such that the solution either does not reach all parts 
of the lesion or does not persist there, the presence of bacteria 
which are resistant to penic illin or actually destroy it, and 
antecedent fibrosis mechanically preventing closure and 
healing. 

A special example of local treatment is the intrathecal 
injection of penicillin solution for the treatment of menin- 
gitis. This has been highly successful in a few cases, and is 
imperative for treating this condition, since penicillin, unlike 
the sulphonamides, does not pass freely from the blood into 
the cerebrospinal fluid. 

Future Prospects 

The time may not be very far distant when penicillin will 
become generally available, at least in limited quantities. 
This will certainly happen soon after the war is over, when 
military surgery, which now has priority over other demands, 
no longer calls for a large supply. It is therefore perhaps 
not too early to issue a warning that the successful use of 
penicillin is by no means as easy as treatment with sulphon- 
amides. It has so far been exclusively in the hands of experts 
under research conditions, who have obtained good results 
only by unremitting care and with the aid of strict laboratory 
control. The duties of the laboratory in connection with- 
penicillin treatment are very onerous. It is necessary first 
to determine the nature of the infection and the sensitivity to 
penicillin of the organisms concerned. Local treatment 
should then be controlled by frequent further cultures. 
Systemic treatment calls for repeated estimations of the peni- 
cillin content of the blood in order to verify adequate dosage. 
Owing to its instability and liability to contamination with 
resistant bacteria, penic illin should also be dispensed by the 
bacteriologist rather than the pharmacist. Without such 
services in addition to expert surgical and nursing care, any 
but the simplest forms of penicillin treatment may easily 
fail. 

Looking further into the future, it may be asked what 
prospects there are of extending the scope of this treatment. 
The full possibilities of penicillin itself have not yet been 
explored, even in infection by bacteria known to be sus- 
ceptible. For example, little is yet known about its eff^t in 
gas gantrrene, and still less about sjTJhilis, diphtheria or 
anthrax.' But is there any possibility that substances related 
to penicillin will be found which attack bacteria on which 
pem'cillin has Uttle or no action? A s>-stemntic study of 
other moulds has been in progress for several years, and so 
far none has been found which produces an antibacterial 
substance equal in therapeutic value to penicillin, although 
hundreds of species have been tested. Some of these sub- 
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stances do, however, act on a wider range of bacteria including 
gram-negative bacilli. This property has not yet been found 
uncombined wth toxicity to mammalian tissues. The other 
possible approach is the synthetic. When the structure of 
penicillin becomes known it may be possible so to vary it 


that a wider range of activity is secured. One thing quite 
certain is that penicillin differs fundamentally from other 
antibacterial agents. Its discovery is an achievement of the 
first magnitude, of which the ultimate consequences cannot 
yet be foreseen. 
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THE DISCOVERY OF PENICILLIN 

ALEXANDER FLEMING, M.B., F.R.C.S.. F.R.S. 
from the Inoculation Department^ St, Mary's Hospital, London 


I have been asked to say how I came to discover penicillin. 
After a lapse of fifteen years it is veiy difficult to say just 
what processes of thought were involved, but it seems neces- 
sary to go back much further than 1928 when the activity of 
penicillin was first observed. 

Antecedent Investigations 

As one of the pupils of Sir Almroth Wright I had naturally 
been deeply interested during the whole of my career in 
the destruction of bacteria by leucocytes . During the 1 9 1 4-1 8 
war I spent much time investigating problems in connexion 
with septic wounds, and I was then impressed with the anti- 
bacterial power of the leucocytes contained in pus which 
exuded from septic wounds. It was also clear from these 
investigations that the chemical antiseptics in common use 
were more destructive on the leucocytes than they were on 
bacteria. 

This interest in antiseptics and leucocytes was continued 
in post-war years, and in 1924 1 was able, by a simple method, 
to demonstrate clearly the antileucocytic power of anti- 
septics, and to indicate that if the antileucocytic action of an 
ntiseptic were greater than its antibacterial action, such 
ntiseptic was unlikely to be successful in the treatment of a 
eptic wound. 

In 1922 I described lysozyme, a powerful antibacterial 
erment occurring naturally in human tissues and secretions, 
n the white of the domestic hen’s egg, and elsewhere. 

Effect of Contamination of a Culture 

In September 1928 I was working on the variation of 
itaphylococcus colonies following on a publication by 
Professor Bigger, who had shown that colonies of widely 
lifferent appearance could be produced from a pure culture 
af an ordinary pyogenic staphylococcus. In the course of 
:hese observations culture plates of staphylococci were 
examined at intervals with a dissecting microscope, which 
involved a temporaiy removal of the cover and exposure to 
contamination from the air. After examination, some of the 
culture plates were placed in the incubator and others were 
left to mature at room temperature. Further examination 
of one of the latter showed that a mould colony had developed 
towards one side of the culture plate. Such contamination 
with a mould was, in the circumstances, not unexpected, but 
what was astonishing was that in this particular culture plate 
the staphylococcal colonies for some considerable distance 
round the mould growth were obviously undergoing lysis. 
What had originally been a well-grown staphylococcal colony 
was now a faint shadow of its former self. 

It is certain that every bacteriologist has not once but 
many times had culture plates contaminated with moulds. 
It is also probable that some bacteriologists have noticed 
similar changes to those noted above, but that, in the absence 
of any special interest in naturally occurring antibacterial 
substances, the cultures have simply been discarded. 

It was, however, fortunate that, with the background I 
have briefly sketched, I was always on the lookout for new 
bacterial inhibitors, and when I noticed on a culture plate 
that the staphylococcal colonies in the neighbourhood of a 
mould had faded away I was sufficiently interested in the 
antibacterial substance produced by the mould to pursue the 
subject. 

Experimental Observations 

The next step was to touch the mould colony with a 
platinum wire and transfer some spores to a culture tube of 


Sabouraud’s medium which, to the ordinary bacteriologist, 
is the usual medium for growing moulds. It is interesting 
that until recently all the penicillin used clinically had been 
produced from sub-cultures of this original tube. This first 
pure culture of the mould has not survived the years, but the 
original culture plate %vith the mould colony inducing dissolu- 
tion of staphylococcal colonies still exists [see Fig. I]. The 



Fig. I — ^This photograph shows the original con- 
taminated culture which led to the discovery of 
penicillin. The patch at the top is the grow'th of 
mould {Penicillium noiatum). In the lower third, 
normal staphylococcal colonies are seen. For some 
distance around the mould, the growth of staphylo- 
cocci has been suppressed. 

Until recently, all penicillin produced in Britain 
and the U.S.A. was derived from sub-cultures of the 
mould colony shown in this photograph (which is re- 
produced from Fleming’s 1929 paper in the British 
Journal of Experimental Pathology). 

preservation of this culture shows that, although I was unable 
to concentrate the antiseptic substance sufficiently for thera- 
peutic use, I yet considered the culture a memorable one. 

Having got a pure culture, I grew it in the ordinary nutrient 
broth used by bacteriologists. It grew as a felted mass on 
the surface. After a week it was found that the culture 
fluid diluted some 500 to 800 times would completely inhibit 
the growth of staphylococci, and it was therefore some two 
or three times as strong in that respect as pure carbolic acid. 
It was obvious from this that the antibacterial substance 
produced by the mould was a remarkable one and demanded 
further investigation. 

The mould belonged to the genus Penicillium, so that the 
active substance, which was then (and still is at the time of 
writing) of unknown chemical constitution, was christened 
“ penicillin.” The mould was later identified as Penicillium 
notatum, a species which had been found by Westling in 
decaying hyssop in Nonvay (Thom). 

From the appearance of the original plate it was obvious 
that penicillin was readily diffusible in agar, just as was 
lysozyme, which I had investigated some she years earlier. 
The techffique which we had used with lysozyme was applic- 
able to penicillin. One method used and figured in my 
original paper was to cut out a strip of agar from a culture 
plate, plant various bacteria in streaks at right angles to the 
gutter thus formed, and then fill the gutter with agar mixed 
with penicillin. The active substance diffused into the agar 
and inhibited the different bacteria for a distance varying 
with their sensitivity to penicillin. Some, such as B. coli or 
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H. influenzae, were not inhibited at all, while others, such as 
Staphylococcus, Streptococcus, Pneumococcus, Gonococcus, 
and the diphtheria bacillus would not grow anywhere near 
the penicillin strip [see Fig. II]. It was therefore clear that 



Fig. n — This drawing, also reproduced from 
Fleming’s 1929 paper, shows the differential bacterio- 
static effect of a penicillin-contaming fluid in a gutter 
made by cutting out a strip from the agar medium. 
Inocula of \-arious bacteria have been made at right 
angles to the gutter. Growth of B. coti and FT. in- 
fluenzae is not inhibited at all, while growth of 
the other organisms is inliibited in rarying degrees. 

penicillin had a specific action on some bacteria and did not 
affect others, and it is interesting that the bacteria originally 
found to be sensitive in this way to the crude culture fluid 
are the same as those which have subsequently been found 
to be affected by concentrated penicillin used clinically. 

In view of the results I had previously obtained with the 
chemical antiseptics in common use, I proceeded to test 


whether, like these, penicillin was poisonous to human 
leucocytes. It had no poisonous effect, nor was it toxic when 
injected into am'mals. 

Conclusions 

Here, then, we had an antiseptic substance which at that 
time was unique in having a strong inhibitory effect on many 
of the common bacteria which infect the human body, but 
which was not toxic to animals or to human leucocytes. 
Unfortunately it was a very unstable substance, and early 
attempts to concentrate it had little success. Although some 
tentative observations on the local antiseptic action of the 
crude fluid were made with moderate success, its instability 
and the smaller number of septic cases in hospital in peace 
time led to its clinical use not being seriously pursued. 

The laboratory results, however, together with the few 
clinical observations, made me state in the summary of my 
original paper ^ in 1929 that: 

“ It may be an eflneient antiseptic for ap- 
plication to, or inj'ection into, areas infected 
with pem'cillin-sensitive microbes ” ; 

and in 1931 in an article - on the use of antiseptics : 

“ It is quite likely that it, or a chemical of a 
similar nature, tvill be used in the treatment of 
septic wounds.” 

The words “ chemical of a similar nature ” were prompted 
by the thought that some day a chemist would discover the 
nature of the active principle, synthetize it, and use either 
that or some modification as a chemotherapeutic agent. 
That was years before the introduction of the sulphonamides, 
and at a time when the only effective antibacterial chemo- 
therapy was the treatment of syphilis by modifications of 
Ehrh'ch’s salvarsan. 

I have used penicillin constantly since 1929 for differential 
culture,® but its use for practical therapeutic purposes re- 
mained in abeyance until the Oxford workers started their 
investigations.^ 
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THE DISCOVERY OF THE CHEMOTHERAPEUTIC PROPERTIES 

OF PENICILLIN 

E. CHAIN, Ph.D., & H. W. FLOREY, M.B., Ph.D., F.R.S. 
from the Sir William Dunn School of Pathology, Oxford 


Professor Fleming has described how he discovered that the 
mould Penicillium notatum produces a substance which 
inhibits the growth of certain pathogenic bacteria, and the 
experiments which he performed with this substance. In 
this article we propose to trace the steps which led to the 
discovery of the chemotherapeutic properties of penicillin 
and eventually to its employment in treating diseases in 
man. 

Planned Investigation of Antibiotics 

It may be of interest to know why the work was taken up in 
Oxford. In 1929 one of us (H. W. F.) started work on an 
antibacterial substance, lysozyme, which had been discovered 
by Fleming in 1922. During the 1930’s this work was carried 
on till the enzyme was purified by Roberts (1937) and its 
substrate was characterised (Epstein & Chain, 1940). During 
the later part of this work the present writers prepared a plan 
for the systematic investigation of antibacterial substances 
produced by micro-organisms. It was thought that these 
might be chemically and biologically interesting, especially 
as many of them were active against pathogem'c bacteria. 

As long ago as 1877, Pasteur & Joubert noticed that the 
growth of certain air-bome organisms inhibited the gro^vth 
of tte anthrax bacillus, and suggested that this fact might be 
of importance in therapeutics. Since that time, many in- 
stances have been found of the production of a substance by 
™''^r6be which inhibits the growth of others. These 
inhibitions are due to metabolic products, recently termed 
“ antibiotics.” 

Attempts had been made to utilise these substances in 
medicine, the most noteworthy being that of Emmerich & 


Loew (1899) who extracted “ pyocyanase” from Ps.pyocyanea. 
and Dubos (1939) who extracted gramicidin, a mixture of 
two polypeptides, from B. brevis. 

The Oxford work on antibiotics began to develop in 1938. 
Of a number of known antibiotics considered, " pyocyanase ” 
and penicillin were chosen for the first investigations. It 
appeared from reports in the literature that the latter sub- 
stance was unstable and therefore difficult to extract, but 
the fact that it was active against a range of important 
pathogenic orgam’sms weighed the balance in its favour. 
Moreover, both Fleming (1932) and Clutterbuck, Lovell & 
Raistrick (1932), had stated that penicillin activity might, 
under certain conditions, be retained in the culture medium 
for some weeks. It seemed worth while to see whether 
appropriate conditions could be found for extracting the 
substance, so that further examination of both its biochemical 
and biological properties could be made. 

Physical and Chemical Properties of Penicillin 

It was first established that penicillin was an acid which, as 
the free add in aqueous solution, was very unstable, but in 
the form of alkali and alkaline earth salts was stable between 
pH 5 and pH 7. Outterbuck et al. had found that penicillin 
was extracted into ether on shaking with the culture fluid after 
it had been addified. 'SVhen the ether was evaporated, how- 
ever, the activitj’ was largely lost. This experiment was 
confirmed, but it was found possible to prepare stable salts 
of penicillin by shaking the ether solution with dilute aqueous 
alkali so as to bring the final pH to 7. In addition to ether, 
a number of organic solvents, for e.xample chloroform and 
amyl acetate, could be used to e.xtract the free add form of 
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penicillin. The salts of penicillin were much more soluble 
in water than in the organic solvents, and therefore penicillin 
was removed from the organic solvent by about -It to 
the volume of alkali solution. A concentration of penicillin 
was thereby achieved, and by repeating the extraction several 
times with different solvents and at suitable plJ, a con- 
siderable pmification of penicillin and simultaneous reduction 
of the bu& of liquid was obtained. 

The losses of penicillin during these operations were small 
if the solutions were kept cold throughout. On drying the 
final aqueous solution in vacuo from the frozen state, a pre- 
paration of a salt of penicillin was obtained, in powder form, 
which kept its antibacterial activity unchanged for a long 
time. 

Methods of Purification 

Chemically, however, the preparation was far from pure, 
containing, as is now known, not more than a small per- 
centage of pure penicillin. The isolation of penicillin in 
the pure state from this mixture proved a difiicult problem 
because of its instability towards many reagents and the 
unfavourable solubilities of the free acid and its salts. It 
was found that penicillin was destroyed by dilute acid and 
alkali, by many heavy metals (in particular zinc, cadmium, 
copper and mercury), and by primary alcohols, ketonic 
reagents and oxidising agents. The stable alkali and alkaline 
earth salts of penicillin were extremely easily soluble in water, 
and no organic cation forming a relatively insoluble salt with 
penicillin suitable for purification purposes was found. 

The selection for the methods of purification of penicillin 
was therefore limited to distribution between difierent solvents 
and water, and to adsorption methods. Chromatographic 
methods have been used extensively. In combination with 
a reduction process with aluminium-amalgam it has been 
possible by these methods to produce penicillin preparations 
from which crystalline salts could be made. The purest 
material obtained at Oxford has an activity of about 1,000 
Oxford units per mg., and is capable of inhibiting the growth 
of certain bacteria at a dilution of about 1 ; 50,000,000. 

icteriostatic Properties, Pharmacology, Chemotherapeutic 
Action in Animals 

Once a protein-free preparation contaiiung a stable salt 
■ penicillin was obtained it became possible to examine in 
(tail its biological properties. 

For the first biological experiments very crude preparations 
jre used. Their antibacterial properties proved to be the 
me as those found by Fleming, who used crude penicillin- 
ntaining culture fluid. It was noted in addition that 
:tinomyces bovis and the group of anrerobic organisms 
using gas gangrene were sensitive, but unfortunately 
>t the tubercle bacillus. 

So great was the antibacterial power of even the crudest 
extracts that at that time — ^not realising the extraordinary 
potency of penicillin — ^we believed them to be fairly pure. 
In actual fact we know now that they contained about 1 % of 
pure penicillin. However, on the assumption that they were 
fairly pure, certain biological investigations were undertaken. 

It was shown that the extracts were remarkably non-toxic 
to mice — a 20 g. mouse showed little or no disturbance after 
injection of 10 mg. of the sodium salt. It has since been 
found that 20 mg. of a much more highly purified extract can 
be given without any deleterious effects. Not only were the 
extracts relatively innocuous to the whole animal, but leuco- 
cytes and tissue cultures withstood many hundreds of times 
the concentration needed to inhibit such organisms as the 
streptococcus. In the light of present knowledge of the 
gross impurity of the original extracts, one can only be thank- 
ful that the mass of impurities, as well as the penicillin, were 
so little toxic. 

Penicillin was readily absorbed in animals after intra- 
muscular or subcutaneous injection, and from the small 
intestine. It could not of course be given by mouth because 
the acid of the gastric juice destroyed it, nor by rectum as 
the bacteria present there inactivated it. It was largely 
excreted, still in an active form, in the urine of the mouse, 
rabbit and cat, and to a certain extent in the bile and saliva, 
though not in the tears or pancreatic juice of the cat. Though 
penicillin was readily soluble and diffusible, it did not pass 
in detectable quantities from the blood into the cerebro-spinal 
fluid. 

In agreement with Fleming’s observations it was found 
that the action of penicillin was bacteriostatic, in that it 


merely inhibited the growth of organisms and did not kill 
them quickly, as did poisonous antiseptics such as proflavine. 
The respiration of bacteria, as measured in a Warburg- 
Barcroft apparatus, was not affected by quite strong solutions, 
in contrast to most antiseptics which, acting on some proto- 
plasmic constituent, rapidly cause the cessation of respiration. 
This bacteriostatic effect was reflected in the morphological 
changes undergone by sensitive bacteria when grown in a 
dilution of penicillin not sufficient to cause complete inhibi- 
tion of growth. By interference with division, giant forms 
were produced. 

Most antibacterial substances such as ordinary antiseptics 
and the sulphonamides are, for one reason or another, not 
active in the presence of pus, and hence their therapeutic 
efificacy is severely limited. It was therefore a particularly 
fortunate property of penicillin that pus, tissue autolysates, 
blood and serum had no inhibitory effect on its activity. It 
was found too that the number of organisms present had 
little effect on its inhibitory power—again a contrast with the 
sulphonamides. 

In view of this combination of great antibacterial power 
with low toxicity, it was not altogether surprising that 
" mouse protection tests ” gave a clear demonstration of the 
chemotherapeutic properties of penicillin. With appropriate 
dosage almost complete protection was afforded to batches 
of mice infected intraperitoneally with lethal doses of strepto- 
cocci and staphylococci and intramuscularly with Cl. septique. 

Early Observations on Human Subjects 

It will be seen from this account that a fairly complete 
knowledge of its properties, both chemical and biological, 
had been obtained before penicillin was used on man. In 
terms of the labour involved it was, however, a big step 
from experiments on mice to making observations on the 
human subject, for the mould produces very little of the 
active substance. Months elapsed before enough material 
could be accumulated to try the first injection on man. 

Injection in the human subject disclosed that some sub- 
stance was present in the crude penicillin preparations which 
caused a rigor and sharp rise of temperature. This had not 
been suspected from observations in animals. By good 
fortune the pyrogenic effect was due not to the penicillin but 
to an impurity which could be removed. 

Insufficient material had been accumulated for the first 
2 cases treated, and although both patients, who were 
seriously ill, did well for a time, they relapsed and further 
treatment could not be carried out for lack of material. 

In the course of some months enough was accumulated 
(partly prepared in Oxford and partly in the laboratories 
of Imperial Chemical Industries) to treat by parenteral injec- 
tion a further 18 patients. During the course of these ob- 
servations it became clear that the behaviour of penicillin 
in man was no different from its behaviour in mice and cats. 
Toxic reactions, apart from the pyrogen, were not observed 
and some striking recoveries of patients infected with staphy- 
lococci were obtained. Suitable dosage was worked out 
and the principles of treatment were formulated. At the 
same time, penicillin was shown to be valuable for local 
application in various septic conditions. 

Industrial Production and Chemistry 

Considerable interest was aroused both in Britain and 
in the U.S.A. by the demonstration of the chemotherapeutic 
possibilities of peniciUin in naturally occurring disease in 
man. All the main facts have now been amply confirmed 
and commercial firms and others are continually improving 
and developing methods of very large scale production by 
mould fermentation. One of the chief obstacles to be over- 
come in large-scale work is the destruction of penicillin 
which is brought about by the enzymes of many air bacteria. 
The most careful precautions against contamination are 
necessary at aU stages of growth of the mould. 

Immediately after the chemotherapeutic properties of 
peiucillin were established, work on the elucidation of its 
chemical constitution was actively pursued at Oxford, in the 
Sir William Dunn School of Pathology by Dr. E. P. Abraham 
and one of us (E. C.) in collaboration with Dr. Wilson Baker 
and Sir Robert Robinson in the Dyson Perrins Laboratory. 
Subsequently many other chemists both in England and 
America have started work on the penicillin problem. It is 
not possible at present to describe in detail the chemical work 
carried out, but it can be stated that it has led to the elucida- 
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1^' tion of the chemical constitution of the breakdown products 
of penicillin and has opened the way to eventual synthesis. 

.2 \^'hiIe no doubt large quantities of penicillin will be pro- 
^ duced by culture of the mould, there is little prospect that 
sufficient for general use will be available for some time to 
come. It is probable that, if synthesis can be achieved, a 
new range of chemotherapeutic agents will be produced with 
properties \arying in different ways from those of the original 
substance. 

Now that it appears probable that penicillin will be used 
on a very large scale it is interesting to look back on the early 
daj-s when we were many times assured that it was too 
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unstable ever to bo a practical proposition, and that in any 
case the vast amount of culture medium needed to produce 
small quantities of penicillin was an almost insuperable bar 
to its production. 

We should like to emphasise that the work, covering as it 
did a wide field of investigation, could not have been carried 
through without the close collaboration of the various 
workers whose names appear on the papers concerned 
with penicillin which have come from this laboratory. 
The clinical work, too, was made possible only by the 
help and co-operation of many surgeons, physicians and 
bacteriologists. 
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PENICILLIN FOR SELECTIVE CULTURE AND FOR DEMONSTRATING 

BACTERIAL INHIBmONS 


ALEXANDER FLEMING, M.B., F.R.C.S., F.R.S. 
from the Inoculation Department, St. Mary's Hospital, London 


My first (1929) paper on penicillin was entitled “ On the 
Antibacterial Action of Cultures of a Pem'cillium, wth Special 
Reference to their Use in the Isolation of B. influenzae." 
The sub-title was inserted because this, the isolation of 
B. influenzae, was the first practical application of penicilh'n. 

In an article in 1932 1 mentioned several uses of perucillin : 

i. For the isolation of insensitive bacteria from the midst 

of large numbers of sensitive organisms, 

ii. for the demonstration of some bacterial inhibitions, 

iii. for the treatment of infections by sensitive organisms. 

The third use, undoubtedly its most important one, is 
dealt with elsewhere, but the first two can be briefly described. 

Isolation of Insensitive Organisms 

The human pathogenic organisms may be classified as 
follows : 


P enicillin-sensiti ve 
Staphylococcus 
Streptococcus pyogenes 
Other haemolytic strepto- 
cocci (other than Group D) 
Streptococcus viridans (most) 
Non-h$molytic streptococci 
(most) 

Pneumococcus 
Gonococcus 
Meningococcus 
M. catarrhalis 
Diphtheria bacillus 
Diphtheroid bacillus (most) 
Anthrax bacillus 
Actinomyces 

B. welchii and other Clostridia 


Penicillin-insensitive 
Typhoid, Paratyphoid, Dysen- 
tery, Coli group 
V. cholerae 
Friedlander’s bacillus 
B. pyocyaneus 
B. proteus 
Haemophilic bacilli 
Brucella 
B. pestis 
Enterococcus 

Non-pathogenic gram-nega- 
tive cocci of the respiratory 
tract 

Tubercle bacillus 

Yeasts 

Moulds 


A consideration of this table shows that it is in the respira- 
tory tract that a difiTerential medium containing penicillin 
is likely to be most valuable in clinical bacteriology. Here 
the staphylococci, streptococci, pneumococci, and diph- 
theroid bacilli are sensitive. These are the most commoriy 
found bacteria, and if they are inhibited we are left with 
little else than Pfeiffer’s bacillus, B. pertussis, Friedlander’s 
bacillus, and a few non-pathogenic gram-negative cocci, 
and their isolation becomes easy. ... 

I have already stated that the first practii^ application 
in 1929 of penicillin was the isolation of Pfeiffer’s bacillus, 
and we have used it ever since for this purpose. 

In 1930 Maclean and myself were able to show that hemo- 


philic bacteria were present normally in all human mouths and 
throats. In my original (1929) paper, also, I suggested its 
use for the isolation of B. pertussis, and it has since been 
used with great success for this purpose by Maclean (1937) 



Fig. in — Another photograph reproduced from 
Fleming’s 1929 paper. A culture plate was evenly 
inoculated with a mixture of staphylococci and H. 
influenzae. Six drops of the crude peiu'dllin-containfng 
solution were then spread over the lower half of the 
plate, with the result that staphylococcal growth was 
completely inhibited and a pure culture of H. in- 
fluenzae was obtained. In the upper (untreated) half of 
the plate, there is a mixed growth of both organisms. 

and others. This may prove to be its most important 
application in diagnostic bacteriology, as it is becoming more 
and more evident that the early bacteriological diagnosis of 
whooping cough is of the greatest importance in the control 
of the disease. 

The behaviour of the gram-negative coed towards peni- 
cillin is interesting. The pathogenic types, gonococcus, 
meningococcus, and M. catarrhalis, are among the most 
sensitive of bacteria, but the xarious non-pathogenic types 
normally found in the human mouth and throat are insensi- 
tive. Here, then, we have a simple test for the pathogem'c 
types of these coed which should have a useful apph'cation. 

In other regions, too, a penicillin medium may be used 
for spedal purposes, and by its use in cultures from the 
puerperal vagina I was able to isolate hsmophilic badlli 
in 2 out of 12 cases. A pem’dllin medium may be used in 
septic wounds to isolate various badlli from among the 
staphylococci, and streptococci, which might obscure them, 
and I have sometimes found Pfeiffer’s badllus in septic 
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wounds by this method. On the other hand it is of little 
use in intestinal cultures, as here the most prominent 
organisms, and those which are most likely to obscure the 
others, are B. coli and its allies, which are all insensitive to 
penicillin. 

I showed (1932), however, that potassium tellurite had a 
specific inhibitory action on bacteria which was almost the 
opposite of penicillin, so that a penicillin-sensitive organism 
was almost always tellurite-resistant and vice versa. Notable 
exceptions among human pathogenic organisms were the 
gonococcus, which was sensitive to both, and the entero- 
coccus which was insensitive to both. 

Thus by adding an inhibitory quantity of tellurite the 
penicillin-insensitive orgam'sms were inhibited, and then by 
adding graded amounts of penicillin many interesting cultural 
results could be obtained. 

Two methods were used for making differential cultures. 

i. The infected material was spread on a plate containing 
a suitable culture medium and then 5 or 6 drops of penicillin 
(the solution used contained about 5 units per cm.^) were 
spread over half the plate. The untouched half of the plate 
therefore gave an ordinary mixed culture, while the penicillin- 
covered half grew only the penicillin-insensitive organisms. 
By reason of its simplicity, and of its giving complete and 
selective cultures on the same culture plate, this method is 
the most suitable for ordinary clinical purposes, and I have 
used it with great advantage ever since I introduced it in 
1929. 

ii. Penicillin maybe incorporated in the culture medium in 
a strength of 0- 5 to 1 unit per cm.'' In or on this medium the 
penicillin-sensitive microbes will not grow, and there remains 
a culture of only those organisms which are insensitive. 

By carefully grading the strength of the penicillin, selective 
cultures can be made even among the penicillin-sensitive 
organisms. Thus Craddock (1942) showed that, by adding 
penicillin to glucose broth in a concentration twice that 
which would inhibit staphylococci, he was able to isolate 
the acne bacillus from pus which contained both the acne 
illus and staphylococcus. 

he Clostridia are not all equally sensitive to penicillin, 
it seems likely that, by a careful adjustment of the con- 
:ration, one type may be inhibited while another will grow 
ly, thus aiding in the separation of the different types. 

Demonstration of Bacterial Inhibitions 
/hen cultures an made from the post-nasal space in some 
irrhal conditions, and one half of the culture plate is 
ted with pem'ciliin, it is not unusual to find on one 
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side of that portion of the plate which is thickly planted 
a pure culture of pneumococcus or streptococcus, and a 
pure culture of Pfeiffer’s bacillus on the other side. From 
such a plate it is quite clear that when a heavy inoculum is 
made the pneumococci or streptococci completely inhibit 
the Pfeiffer’s bacilli, the presence of which is revealed when 
the cocci are prevented from growing by penicillin. It is 
true that, if the Pfeiffer’s bacilli arc present in sufficient 
numbers, they will grow and be recognised when the inoculum 
is so scanty that the individual colonies are sufficiently 
separated from the pneumo-streptococcal colonics to be 
outside the range of the inhibitory power, but when penicillin 
is used the result is dramatic and cannot be overlooked. 

Even more striking results can be obtained by growing a 
colony of the mould (P, notatum) on a culture plate at room 
temperature for, say, three days. During that time it pro- 
duces penicillin which diffuses into the culture medium for 
a distance of perhaps two centimetres. Then two highly 
coloured bacteria, one sensitive to penicillin {Staphylococcus 
aureus) and one insensitive {B. violaceus), are mixed in suit- 
able proportions, and arc streaked across the plate up to 
the mould colony. Near the mould colony only the violet 
coloured organism {B. violaceus) w'ill grow, as the staphylo- 
coccus is inhibited by penicillin, but beyond the range of the 
penicilh'n the growth will be the bright orange colour of 
Staphylococcus aureus, which completely inhibits B. violaceus. 
Thus, by planting a mixture in such conditions, two pure 
cultures can be obtained in different parts of the streak. 
This result is even more dramatic if the cultures are made on 
a white paper disc placed on the surface of the culture medium. 
The nutrient material diffuses through the paper and allows 
growth on the surface, and the colours show up beautifully 
on the white background of the paper. This culture on paper 
has the additional advantage that it can be removed, sterilised 
with formalin vapour, and mounted on a card as a permanent 
specimen. 

These are some of the laboratory uses of penicillin. With 
its more extensive employment, other useful applications 
will doubtless appear. 

Even in the present days of penicillin shortage, the minute 
amount necessary for these laboratory uses can always be 
obtained. The crude culture fluid on which Penlcillium 
notatum has grown is amply strong enough, and this can 
be produced with ease in any laboratory. Special culture 
media are unnecessary, as the ordinary nutrient broth of the 
bacteriologist will serve. Nor is an incubator a necessity, 
for the mould grows and produces penicillin at room tem- 
perature only a little more slowly than it does at its optimum 
temperature of 24° C. 

^Fleming, A., & Maclean, I, H. (1930) Brit. J. exp. Path. 
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OTHER ANTIBACTERIAL SUBSTANCES FROM BACTERIA AND MOULDS 

E. CHAIN. Ph.D. 

from the Sir William Dunn School of Pathology, Oxford 


The list below contains a selection of those antibacterial Antibiotics Produced by Actinomycetes 


substances from bacteria 

and moulds which 

have been 

A. antibioticus 

actinomycin A. 

31,32 

examined in some detail. 

A review of the early work on 


actinomycin B, 

32 

bacterial antagonism and antibiotics, up to 1941, has been 

A. lavendulae 

streptothricin 

28, 33 

published [29] and a review covering the more recent work is 

Proactinomyces proactinomycin 

, 12 

m the press [4]. 



Gardner 



Species 

Antibiotic 

Reference 

Antibiotics Produced by Penicillia 


Antibiotics Produced by Bacteria 


P. notatum 

penicillin 


Ps. pyocyanea 

' pyocyanine 
a-oxy-phenazinc 

16, 17, 26 

26 

P. claviforme ] 
P. patulum 1 

claviformin (also 
described as 

2,5,6,9,37 


lytic agent 

26 

patuUn) 


B. brevis 

gramicidin 

15, 10 

P. puberulum) 

penicillic acid 

1, 2! 

»> 

tyrocidine 

10 

P. cyclopium ) 

> 
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Antibiotics Produced by Penicillia 

P. (Gliocladium) gliotoxin 11,34,35 

fimbriatum 

P. citrinum citrinin 25 

Antibiotics Produced by Aspergilli 

A.flavus aspergillic acid 18,19,36 

„ flavicin 3 

A.fumigatus fumigacin 30 

„ fumigatin 20 

helvolic acid 7,37 

Heh'ola Yuill 

A. clavatus clavacin 30 

A. giganteus gigantic acid 22 


Two antibiotics produced by aspergilli, flavicin and 
gigantic acid, are very similar to penicillin in their chemical 
and biological properties. Thus it is evident that the pro- 
duction of penicillin-like substances is not confined to the 
species Penicillium notatum or even to the genus PeniciUhtm. 

All the other antibiotics, wthout exception, are less active 
against bacteria and more toxic to animal tissues than peni- 
cillin. With the exception of proactinomycin, helvolic acid 
and possibly streptothricin they are all protoplasmic poisorrs, 
exerting their antibacterial action by combining with a 
protoplasmic constituent common to all cells (proteins, 
lipids, etc.). However, the crude mixture of gramicidin and 
tyrocidine, designated as tyrothricin, has been used for the 
local treatment of infected wounds [15, 23, 24]. None of the 
other antibiotics has yet received such clinical trial. 

Patulin, an antibiotic recently isolated from culture fil- 
trates of Penicillium patulum [2] is identical with the 
previously described antibiotic claviformin [6, 9]. Like all 
ordinary antiseptics this substance is a general protoplasmic 
poison and is toxic to mice and leucocytes. Patulin has been 
stated by one group of workers to be eSective in combating 
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the common cold [2], but another group of workers has not 
been able to confirm this claim [27]. 

The least toxic antibiotic, apart from penicillin, appears 
to be helvolic acid. This substance has many attractive 
properties from the chemotherapeutic point of view. It is 
very stable, and a bacteriostatic concentration can readily 
be maintained in the tissues. When it is given repeatedly, 
however, the liver sufiers severe damage. When more facts 
about its chemical constitution become known it may be 
possible to reduce the toxic effect on the liver by modification 
of the molecule. 

Though most of the antibiotics listed above have been 
obtained in the pure, crystalline state, the chemical constitu- 
tion of many of them has not yet been elucidated. Several, 
e.g. gliotoxin (a sulphur-containing substance), proactino- 
mycin (an alkaloid-like base), streptothricin and helvolic 
acid, as well as penicillin itself, are of chemical types hitherto 
tmknown among antibacterial substances. The study of 
their structure provides many interesting problems and may 
lead to the synthesis of novel types of antiseptics and chemo- 
therapeutic drugs. 

Some antibiotics have in addition great biochemical 
interest. Thus granticidin and tyrocidine belong to the very 
small group of crystalline polypeptides, and, as they are of 
relatively low molecular weight, the complete elucidation of 
their constitution may be possible [13, 14] wth recently 
developed methods. This may throw some light on one of 
the most fundamental and difiScult problems in biochemistry, 
the structure of proteins. 

The antibacterial substance notatin [8] (also described as 
penicillin B or penatin), which is produced by Penicillium 
notatum, difiers in nature from the antibiotics, being a glucose 
dehydrogenase which exerts its antibacterial action through 
the hydrogen peroxide which it forms. It has no action in 
the absence of glucose, nor in the presence of catalase, a 
constituent of all tissue cells. It is extremely toxic to animals 
and is unUkely to be of use in medicine. 
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CLINICAL USES OF PENICILLIN 

M. E. FLOREY, M3., B.S. 
from the Central Middlesex County Hospital 


The successful application of experimental laboratory work 
to therapeutic measures could hardly be better exemplified 
than in the case of penicillin. Before any trial was made on 
man, almost the full range of infections capable of response 
to the drug ^^as known. Equally important was the Imow- 


ledge that the upper limit of dosage was not likely to be 
influenced by any toxic effect. Among the other inferences 
of practical importance that could be made from the 
laboratory work were : that oral administration of the un- 
protected drug would be ineffective because of its inaaisation 
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by the acid gastric juice ; that frequent administration would 
be necessary because of the rapid concentration and excretion 
of penicillin by the kidneys ; that it would be imwise to pre- 
pare wounds for local application by cleaning with a number 
of the common antiseptics because of the inactivation of 
penicillin by heavy metals and by oxidation. The lack of any 
inhibitory effect on leucocytic activity by therapeutic concen- 
trations of penicillin indicated that the disappearance of pus 
from lesions infected only by sensitive organisms would 
probably be a fair criterion of the elimination of sepsis. 

With these facts already known, the main points still to 
be elucidated when clinical trials were begun were ; adequate 
dosage, frequency and routes of administration and the most 
suitable methods for local application. 


Clinical Trials 

The earliest clinical trials, which included some 200 cases, 
were instigated by the Sir William Dunn School of Pathology, 
Oxford (Abraham, Chain, Fletcher, Florey, Gardner, 
Heatley & Jennings, 1941 ; Florey & Florey, 1943). They 
demonstrated the therapeutic effectiveness of the drug by 
both systemic and local administration. The cases chosen 
for treatment were pyogenic infections falling into the fol- 
lowing categories ; 


Generalised infections accom- 
panied by local lesions in 
bones, lungs and heart valves 
Acute mastoiditis 
Infections of the skin 
Infections of the conjunctiva, 
cornea and lacrymal sac 


Chronic blepharitis 
Chronic sinus infections 
Empyema 
Synovitis 

A miscellaneous collection of 
infective conditions 


The causal organism in the majority was the staphylococcus, 
in others it was the streptococcus or a combined infection 
by both organisms. A few infections were pneumococcal, 
gonococcal or due to actinomyces, and occasionally no 
organism sensitive to penicillin could be isolated. 

The results of these early trials at Oxford may be summed 
upas: 


Complete recovery 
Improvement 
Little or no response 


143 patients 


43 

14 


9f 


Total 


200 


These results appear striking enough to merit some con- 
deration of the criteria adopted in ascribing recovery 
wcifically to penicillin treatment. The first criterion was 
acteriological. Pyogenic organisms present in lesions 
jcame scanty during treatment and eventually disappeared. 

concurrently with their disappearance, the local and 
meral signs of inflammation subsided, function returned, 
ad healing began, these effects were considered as fairly 
ttributable to removal of infection by penicillin. The fact 
that most patients treated in the first year or two of clinical 
trials were considered moribund, had not responded to any 
other treatment, or suffered from an infection which had per- 
sisted for many months or years without improvement, gave 
additional support to the conclusion that penicillin was the 
instrument whereby recovery took place. 

About 150 cases of bums were also treated at about this 
time by Dr. Colebrook working for the Medical Research 
Council in the Bums Unit at Glasgow (Clark, Colebrook, 
Gibson, Thomson & Foster, 1943), and Flight Lieutenant 
Bodenham (Bodenham, 1943). No staphylococcal or strep- 
tococcal infection of a bum failed to disappear under adequate 
treatment. Healing was accelerated or successful skin grafts 
were carried out following the removal of the organisms from 
the surface of the bum. 

Work in the U.S.A. has confirmed and amplified the 
British results mainly in systemic treatment (Keefer, Blake, 
Marshall, Lockwood & Wood, 1943). Of 500 cases reported, 
including some where the infection was not the only patho- 
logical condition (some cases were also suffering from 
cancer, aplastic ansemia, aneurism, etc.) the results were- : 


Recovery or improvement 

No response 

Deaths 


366 

40 

94 


Total . 


. 500 


This series included 129 cases of gonorrhoea, of which the 
treatment was uniformly successful and subsequent reports 
{Lancet, 1943 ; Garrod, 1943) have confirmed the very rapid 
response to treatment in this condition irrespective of whether 
the infection is sulphonamidc-rcsistant or not. Pneumonias 
were also treated with success, but the results recorded were 
by no means so striking as in gonococcal infections. 

In neither the British nor the American series did recovery 
occur in subacute bacterial endocarditis {Streptococcus 
viridans infection) even after prolonged treatment. 

In England, following the earliest trials, it was thought 
advisable to carry out a comparative trial of acute infections 
from which patients would in any event recover. By com- 
paring penicillin-treated' cases with similar acute infections 
treated by current methods the effects which might be attri- 
butable to the drug could be gauged. 

Infections of the hands were chosen for this trial (Florey, 
M. E., & Williams, 1944). A hundred “ control ” patients 
were treated by recognised methods and a second 100 were 
treated in every way similarly except that penicillin was 
applied locally from operation onwards in place of (usually) 
hypochlorite preparations and (when considered necessary) 
sulphonamides by mouth. Bi-weekly bacteriological ex- 
aminations showed that, in 75 % of control wounds, pyogenic 
organisms persisted from the first incision until complete 
healing. The remaining 25 % lost their infection or showed 
a diminished growth only when healing was far advanced. 
In 95 % of the penicillin-treated cases, these orgam'sms had 
markedly diminished in numbers or had disappeared before 
the end of the first week. 

From the clinical point of view this rapid elimination of 
sepsis resulted in the following marked differences : 


Control 

Continuance of pain and throb- 
bing for variable periods fol- 
lowing incision 

Production of pus until healing 
was well advanced 

Formation of much granulation 
tissue with consequent con- 
traction, limitation of move- 
ment, and sometimes painful 
scars 

In severe infections, usually 
much sloughing, death of 
tendons and bone, and loss 
of digits 


Penicillin-Treated 

Almost invariable relief of pain 
from incision and first ap- 
plication of penicillin on- 
wards 

Pus scanty or absent following 
operation 

Little formation of granulation 
tissue. Rapid and more 
complete restoration of move- 
ment and smooth and pain- 
less scars 

No loss of di^ts or any other 
tissue when treatment was 
begun at first operation 


The retention of digits and restoration of function are par- 
ticularly valuable assets in an industrial community where 
early return to work depends on full use of the han^. The 
working time saved to the 100 penicillin-treated cases totalled 
in the aggregate a number of years. 

A further series of cases has been treated in the war zone 
{Lancet, 1943 ; Garrod, 1943). Here local application of the 
drug has enabled the early suturing of war wounds of the 
soft tissues to be carried out with almost uniform success. 
In no case did deleterious results follow this unorthodox 
treatment, although in some wounds complete union was not 
achieved and a few broke down. Results at 3 weeks were : 


Complete union 
Subtotal union . 
Failure 


104 

60 

7 


Total 


171 


In wounds complicated by compound fractures systemic as 
well as local treatment was employed, but the results were 
not so strikingly successful as in the soft tissue injuries. 
Results are improving, however, with developments in tech- 
nique and the earlier administration of penicillin. 

Gas gangrene was treated in 7 patients. The systemic 
route was used. Four of these patients recovered, but 
further improvements in results may well follow adaptations 
in the method of administration. 

Of the penetrating brain wounds treated, some had an 
established infection, while others were treated within a few 
days, at a stage when infection had hardly developed. Results 
were satisfactory and healing occurred without fungus forma- 
tion in all but one case. Three out of the 23 patients died, 
however, but in two of these the infection by gram-positive 
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organisms had been controlled and the third was inadequately 
treated. 

This series of \\’ar injuries demonstrated well the successful 
and rapid results obtained when penicillin treatment is begun 
in the early stages of infection, rather than when the condition 
is so well established as to be less accessible either to local or 
systemic exhibition of the drug. 

Investigations up to date have therefore shown the value 
of penicillin : 

i. As a preventive of infection in wounds, enabling a 
potentially septic wound to be treated in much the same way 
as an aseptic one, 

ii. in the promotion of healing in bums and for ensuring 
the success of skin grafts, 

iii. in infections (due to sensitive organisms) either (o) 
chronic, or (6) of such severity as to render the prospect of 
death likely, which have not responded to other forms of 
treatment, 

iv. in acute infections due to sensitive organisms, 

V. in the rapid curing of gonorrhoea including sulphon- 
amide-resistant cases, 

vi. in pneumonia, 

vii. probably in gas gangrene, but here numbers have been 
few and methods not fully tried out. 

Special Considerations 

a. Excretion. Very early in the Oxford clinical trials the 
rapid excretion of penicillin by the kidneys was seen to be 
both a problem and an asset. In the days when every unit 
svas precious, efforts were made to recover the drug from the 
patient’s urine, but the labour and inconvenience were great 
and were justified only by the scarcity of material. The rapid 
deterioration of the penicillin when acted on by bacteria in 
the urine also made the yield very variable. One patient was 
able to pass urine every hour for 1 1 hours after a single dose. 
These specimens were assayed immediately and, although he 
was stiU excreting penicillin when the last specimen was taken, 
more than 75 % of the dose was regained. Such was not the 
case when urine was collected in larger amounts and at longer 
intervals. Rammelkamp & Keefer (1943b), who have 
carried out detailed work on absorption, excretion and 
toxicity of penicillin, have also obtained variable yields from 
the urine, but it is not yet clearly established whether the total 
amount is excreted or whether part is destroyed in the body. 

Its rapid elimination has been of value in determining the 
time taken for pem'cillin injected by various routes to reach 
the circulation and for a single dose to disappear. After 
intramuscular or intravenous injection, penicillin may be 
detected in the urine almost immediately, and after intra- 
pleural injection within an hour. Penicillin is also concen- 
trated by the kidneys, as after a single small dose it can be 
detected in the urine for well over 24 hours, even when the. 
concentration has at no time been great enough to be de- 
tected in the blood by present methods. Administration for 
urinary infection has therefore been successful when repeated 
only once or rivice in 24 hours, and staphylococcal and 
streptococcal urinary infections have been cleared up by 
doses which were relatively very small. 

b. Effect on blood cells. On all cases treated from 
Oxford systemically and on many treated locally regular blood 
examinations were carried out. In no case was there a fall 
in the erythrocyte eount during penicillin treatment, and in all 
severely ill cases, except one puerperal patient in whom a 
profuse lochia continued throughout treatment, there was 
an average rise of 250,000 to 500,000 erythrocytes per week. 
In view of the poor eondition of the myocardium in septic 
patients, there seems therefore to be little indication for 
adding the strain of blood transfusion to the work of the 
heart. The leucocyte count appeared to give a good indi- 
cation of the progress of the treatment. If it was low from 
toxEemia (or possibly from previous sulphonamide adminis- 
tration) at the beginning, it began to rise within 24 hours. 
If high in response to infection it dropped steadily as the 
infection was controlled, but never below normal limits. 
The leucocyte count should therefore come into prominence 
as an indication- of progress, in treatment by penicillin, 
where the temperature chart often does not reflect improve- 
ment in the early stages. 

c. Accessibility of thecal and serous cavities. Passage of 
penicilUn between the blood stream and serous carities seems 


to be slight (Rammelkamp & Keefer, 1943a, 1943b ; Fleming, 
1943 ; Florey, M. E. & Horey, H. W., 1943), and for treat- 
ment of infections of the meninges, pleural cavity, joints and 
peritoneum local rather than intramuscular or intravenous 
injection is therefore indicated. The physiological basis of 
the apparent (relative) impermeability of these membranes 
to penicillin still remains to be elucidated. 

d. Toxicity. Any signs of toxicity have been carefully 
sought by observation of the patient, by regular examinations 
of blood urea and urine, and by hEematological examinations. 
Occasionally the blood urea has risen but it has fallen again 
on the day on which penicillin has been discontinued. No 
case in which albuminuria has developed has been recorded 
in the English series, but when present initially it has cleared 
up under penicillin therapy. Fever often increases when 
penicillin is first administered, but gradually subsides again. 
This rise of temperature may be due to a more rapid absorp- 
tion of bacterial degradation products rather than to any 
toxic effect of the drug. 

e. Radiological findings. Special mention should be made 
of the radiological appearances of infected bone treated with 
penicillin. A very rapid rarefaction of the affected bone 
occurs, and radiography in less than a week, often in 2 or 
3 days, suggests deterioration, whereas the clinical signs 
indicate that the septic process is under control. Further 
radiographs demonstrate the rapid reformation of bony 
tissue as compared with control cases, in which (in the 
series of hand infections) sequestrum formation occurred 
more often than not. In acute infections no sequestrum 
formation has been found in the English penidllin-treated 
series. If, in a chronic infection, dead bone has already 
separated before the beginning of pem’cillin treatment, rare- 

Fig. rV — A case of osteomyelitis with 
py®mia in a male child of 8. The 
child received just under 2,000,000 
units of penicillin intramuscularly. 

(a) Right tibia and fibula before 
penicillin treatment was begun. 

(i) Three weeks later, at the con- 
clusion of penicillin treatment. 

The characteristic rarefaction 
which occurs in infected bone during 
penicillin treatment is well illustrated. 

The boy, who had been desperately 
ill, made a good recovery without 
surgical intervention. 

Photograph reproduced from the 
Lancet. 

faction svill occiu around the 
sequestrum and will make its 
presence and site more obvious 
to the surgeon. 

f. Bacteriological desiderata. 

Mention of the organisms sensi- 
tive to penicillin has been made 
elsewhere (Fleming, 1929 ; Abraham et al., 1941). It is clearly 
futile to attempt penicillin treatment when the organism con- 
cerned is insensitive. Emphasis has already been laid on the 
speed and completeness with which organisms usually dis- 
appear during treatment with penicillin. A few further points, 
however, should be borne in mind. Bacteria do not readily' 
disappear from lesions if there is any dead tissue present such as 
a slough or sequestrum, nor do they disappear when access 
by the drug is not complete. This may occur with systemic 
treatment in undrained abscess carities or in serous carities, 
where the penicillin may be brought by the blood stream only 
as far as the periphery of the infected area. It may also occur 
with local treatment in sinuses which have not b«n com- 
pletely opened up, or in septic areas where the incision has 
not reached the whole site of infection. Disappearance and 
elimination of infection, therefore, depend on (a) a sensitive 
orgam’sm, (6) adequate dosage, (c) absence of dead tissue, 
(d) full access to the site of infection. It has not been un- 
common to find colifonn orgamsms appearing or increasing 
in number during penicillin administration, but they do not 
appear to affect the clinical course or delay healing 
materially, even when green or pinkish “ gram-negati'c pus 
is present. 
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In vitro, bacteria readily become penicillin-resistant, and 
some clinical cases have been reported where resistance of 
the order of 4 to 8 times developed during treatment although 
clinical improvement continued (Florey & Florey, 1943 ; 
Rammelkamp & Maxon, 1942). Sulphonamide-resistant 
strains have been found, however, to be fully sensitive to 
penicillin. 

Methods of IVeatment 

a. Systemic administration. In the early clinical trials the 
greatest difficulty encountered was to find the adequate 
dosage. The ring test (Abraham et al, 1941) was not suffi- 
ciently sensitive to demonstrate any bacteriostatic effect in 
the blood after doses which were believed on theoretical 
grounds to be large enough to produce bacteriostasis through- 
out the body. Eventually, after trial and error, a baby 
provided the foundation on which an adequate dose to 
eliminate infection was established as 1,000 units per pound 
[454 g.] of body weight in 24 hours. Later, the more delicate 
slide-cell technique was adopted, in which the inhibition of 
bacterial growth by the blood serum could be accurately 
followed. This served to establish that intravenous or intra- 
muscular injection should be repeated not less than 3-hourly, 
the standard single dose for an adult being 15,000 Oxford 
units. Later work by Rammelkamp & Keefer (1943b) has 
shown that even when nearly 3 times the dose is given there 
is no prolongation of the time during which the drug can 
be detected in the blood stream. Good effects have been 
produced in acute infective conditions by much smaller doses 
than 15,000 units in the Mayo Clinic (Herrell, Heilman & 
Williams, 1942 ; Herrell, 1943) and elsewhere, but although 
these results are veiy satisfactory it would seem wise for 
general use to recommend a dosage which has been fonud 
adequate in many conditions — acute, well-established, or 
long-standing — especially in view of the fact that organisms 
may become penicillin-resistant. 

The gastro-intestinal route was tried — ^by mouth in specially 
prepared capsules to resist solution by the acid gastric juice, 
id by duodenal tube. Although some absorption certainly 
ok place, the variable rate at which the drug was absorbed 
ndered the bacteriostatic concentration in the blood incon- 
ant and uncertain when doses of a size which is at present 
■acticable were used. 

In the early clinical work, subcutaneous injection was 
voided Giving to the pain associated with it. Although 
wording to the work of Rammelkamp & Keefer (1943b) 
lere may be some advantage in using this route, as an 
lequate blood level is apparently maintained for longer than 
'ter intramuscular or intravenous injection, the large volume 
ley used was inconvenient and may explain the slow 
jsorption. 

For the best results by intravenous use it is essential to use 
- pyrogen-free preparation (the pyrogenic impurity can be 
removed during purification). The penicillin may be given 
intermittently, or continuously by a “ drip ” infusion. 
Thrombosis at the site of injection is common after a variable 
period of intravenous therapy, although with good samples 
of the drug the “ drip ” can often be continued for some days. 

For this and other reasons the intramuscular route was 
adopted for general use in the British work. Providing a 
good technique is used, most samples cause little general or 
local reaction, but some samples have been encountered 
which do cause prolonged pain after intramuscular injection. 
There can be little doubt that this reaction, the thrombosis 
after intravenous injection, and other reactions of a minor 
character are due to impurities. As the penicillin used 
therapeutically is still far from pure, usually containing only 
10-20 % of the pure substance, it is to be hoped that the 
quality of penicillin produced for clinical purposes rvill 
improve. By the use of the intramuscular route, material 
which causes a sharp rise of temperature on intravenous 
administration can be employed without causing a pyrexial 
reaction. 

b. Local administration has been used extensively in 
Britain, largely because of the scarcity of supplies, but many 
instances might be given where it has advantages over 
systemic treatment. Where an infection is definitely locaUsed, 
and there is a surface or cavity which will retain a preparation 
of penicillin, a much greater concentration can be applied 
to the site of infection and, by using a suitable vehicle, the 
action of a single dose may be prolonged for as long as 


24 hours. For this purpose the following preparations have 
been found useful : 

i. A dry calcium-penicillin powder of low potency (i.e. a 
relatively unpurified preparation containing a low percentage 
of pure penicillin), 

ii. A powder composed of a calcium-penicillin preparation 
diluted with sulphanilamide or sulphathiazole powder to a 
strength of 2,000 to 5,000 units of penicillin per gram. Such 
a powder is very suitable for insufflation. 

iii. Solutions in distilled water of 250 to 1 ,000 units per cm.® 

iv. A paste made up of lanette wax SX, oil (e.g. castor or 
arachis) and water to which penicillin is added to a strength 
of 150 to 250 units per cm.® With this preparation the 
activity of the drug may be retained for at least 24 hours. 

v. Mixed with vaseline or some other base as an eye 
ointment — 500-800 units per cm.® 

Various methods of local application have been used, such 
as simple dressings impregnated with the paste preparation, 
insufflation of powder, or spreading of the powders over 
infected surfaces. A method which, when applicable, is very 
effective because it embodies the principle of maintaining 
a closed cavity, is to aspirate pus and inject a solution by 
syringe and needle. An alternative method is to remove the 
purulent and damaged tissue from an abscess cavity or wound, 
suture the raw edges and insert one or more narrow rubber 
tubes (retaining them by a suture) leading down to the depths 
of the cavity. In the latter method, the cavity is aspirated 
and the penicillin solution is injected through the tubes by 
means of a syringe. One extremity of the tube projects 
through the dressings. Injections are made 6- to 12-hourIy 
according to the acuteness of the condition, for a minimum 
period of 5 days. 

Sinuses of many years’ duration have been treated success- 
fully by injection of the solution under pressure, thereby 
opening up their many ramifications. The mouth of the sinus 
is closed with a sterilised rubber bung in order to retain the 
fluid from one injection until the next. This retention of the 
drug continuously in situ over a period of time has been a 
cardinal feature of treatment. Because of its bacteriostatic 
rather than bactericidal action, time must be allowed for the 
inhibited bacteria to perish by phagocytosis or otherwise. 
Any temporary cessation of the inhibitory inSuence of 
penicillin may permit further bacterial proliferation and so 
prolong the time necessary to eliminate infection. 

The duration of treatment has depended on the time taken 
to eliminate bacteria from lesions. There is no indication 
that increased dosage beyond the point necessary to secure 
complete bacteriostasis is of any value. The effect of higher 
dosage is merely to cause more rapid excretion of the drug 
by the kidneys. Bearing in mind the possibility that the 
pathogenic organisms may develop resistance to penicillin, 
a fully bacteriostatic dose should be given from the beginning. 
There has been little evidence, except in subacute bacterial 
endocarditis, that an infection by a sensitive organism will 
not respond to prolonged treatment. The point to be re- 
membered is that treatment must be continued until all foci 
of infection have been removed. As mentioned earlier, 
when dead tissue is present, surgical removal may be neces- 
sary, but radiological and bacteriological findings are better 
indications for this than is the temperature chart. 

Assessment of Progress 

a. General infections. When treating a case with peni- 
cillin, assessment of' progress is liable to be based on the 
signs familiar in sulphonamide therapy. This may, un- 
fortunately, lead to erroneous conclusions. The temperature, 
for instance, in a case of osteomyelitis may assume a swinging 
character when penicillin is first given, and it never falls 
rapidly, as often occurs with the sulphonamides. Often the 
temperature mounts to a higher level than before treatment 
was instituted. 

By the time the temperature has become normal, which 
may take from 2 to 3 weeks, resolution has largely taken 
place. The radiograph, which in infections of bone shows 
rapid and often startling rarefaction, should be regarded as 
evidence of the fast absorption of damaged bony tissue, and 
not of deterioration in the condition. 

The earliest signs of progress are noticed by the nursing 
staff. Within a day or two the patient sleeps better, ^ts 
better and is relieved of much pain. Bacteriological examina- 
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tion carried out t\vice a week will reveal steady diminution 
and eventually total disappearance of the infecting organism, 
proWded that the drug has full access, locally or systemically, 
to the whole of the infected part, and that there is no dead 
tissue remaining to form a nidus for the infection. 

If there is no diminution of bacterial growth within a week, 
consideration must be given to the advisability of aspiration 
or surgical interference in order to gain better access to 
localised lesions. 

The blood count is also of value in assessing the arrest of 
infection. A steady fall of the leucocyte count to within 
normal limits and a rise in the erythroc 3 de count are indica- 
tions that good progress is being made. 
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b. Local infections. In local lesions the subsidence of pain, 
redness, swelling and induration, the disappearance of pus, 
and the return of function, are aU indications of progress. 
It must always be remembered that, apart from the relief of 
pain following incision and the local application of penicillin, 
there is little that is dramatic in the course of recovery from 
the infection. Treatment may be stopped within 5 days in 
acute conditions, but should often be continued for as long 
as 3 to 4 weeks in well established infections where there is 
much dead tissue to be absorbed. The final result will 
depend in such cases on continuing the treatment with peni- 
cillin until the bacteriological evidence indicates that infection 
has been arrested. 
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REVIEW OF SELECTED PAPERS 


Discovery : Early Investigations : 
Bacteriological Applications 

In this section are described the first investigations on peni- 
cillin, and the early and later application of its selective 
bacteriostatic properties in bacteriological techniques. The 
work which led to the effective application of penicillin in the 
treatment of bacterial infections is described in another section. 
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ON THE ANTIBACTERIAL ACTION OF CULTURES OF 
A PENIdLIJUM )VrrH SPECIAL REFERENCE TO 
THEIR USE IN THE ISOLATION OF B INFLUENZAE 
by A. Fleming, British Journal of Pixperimental Pathology, 
10, 226-236, June 1929 

In this paper, published in 1929, Professor Alexander Fleming; 
of St. Mary's Hospital, London, first described his discovery 
of penicilh'n and the investigations by which he established 
certain important facts about the substance. 

“ While working with staphylococcus variants a number of 
culture-plates were set aside on the laboratory bench and 
examined from time to time. In the examinations these 
plates were necessarily exposed to the air and they became 
contaminated svith various micro-organisms. It was noticed 
that around a large colony of a contaminating mould the 
staphylococcus colonies b^me transparent and were ob- 
viously tmdergoing lysis.” 

It was esident that a substance antagonistic to the bacteria 
had been formed by the mould and had diffused into the 
surrounding agar. He therefore subcultured the mould for 
further study and found that broth in which it had grown for 
a week or two acquired marked inhibitory properties to many 
common bacteria. 

Characteristics of the mould. On a solid medium [composi- 
tion not stated] a colony of the mould, in Professor Fleming’s 
own words, “ appears as a white fluffy mass which rapidly 
increases in sire and after a few days sporulates, the centre 
becoming dark green and later in old cultures . . . almost 
black. In 4 or. 5 days a bright yellow colour is produced 
which diffuses into the medium. In certain conditions a 
reddish colour can be observed in the growth. In broth the 
mould grows on the surface as a white fluffy growth changing 
in a few days to a dark green felted mass. The broth becomes 
bright yellow’.” The reaction of the medium became alka- 


line, pH 8-5 to 9. Growth was slow at 37° C., and most 
rapid at about 20° C. No growth took place an$robically. 
Other moulds of several species were tested, including 8 other 
strains of penicillium, but only one, which was apparently 
identical with the original strain, produced any inhibitory 
substance. The active strain resembled Penicillium rubrum 
[but was later identified as Penicillium notatum (Fleming, 
1932).] 

Tests of activity. The antibacterial activity of the broth 
was tested in two ways : (i) A strip was cut out of an agar 
plate and the resulting gutter was filled with agar mixed with 
an equal amount of the broth. The bacteria to be tested 
were streaked across from the gutter to’ the edge of the plate. 
The active substance diffused from the gutter into the sur- 
rounding agar, where it inhibited the growth of susceptible 
organisms, (ii) Serial dilutions of the active broth were made 
in plain broth and the tubes were inoculated with equal 
amounts of bacterial culture. The staphylococcus \vas found 
to be a suitable organism for testing the activity of the broth, 
as it was very sensitive. It was not necessary to filter the 
broth before testing, as no appreciable growth of the mould 
took place in 24 hours at 37° C. 

Development of the active substance. When 200 cm.^ of 
nutrient broth in a 500 cm.° Erlenmeyer flask was inoculated 
with mould spores and incubated at 20° C. it gradually de- 
veloped antibacterial activity until at 7 or 8 days it would 
inhibit the growth of staphylococci when diluted 1 : 500 or 
1 : 800. On keeping longer, the activity diminished. The 
droplets of fluid which formed on the surface of the mould 
had a higher titre than the broth, sometimes as great as 
1 : 20 , 000 . 

The filtered broth lost activity in a few days, but was more 
stable if the pH was adjusted to 6-8. Heating for an hour 
at 56° or 80° C. and boiling for a few minutes did not destroy 
the activity, but boiling for an hour reduced it and auto- 
claving for 20 minutes at 115° C. abolished it. Boiling was 
less destructive if the broth was first neutralised. The active 
substance was soluble in water and saline and was not 
removed by Seitz filtration. 

Antibacterial tests. In a long series of dilufion tests, it was 
shown that some species of bacteria were inhibited by ^e 
broth in dilutions up to 1 : 800, while others, relatively in- 
sensitive, were not inhibited by a dilufion of 1 : 5. Staphy- 
lococcus [aureus and epidermitis), streptococcus and pneumo- 
coccus were the most sensitive and B. coli, B. typhosus, Ps. 
pyocyanea, B. proteus. V. cholcrac and Strept. faccalis the 
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least. B. diphiheriae and B. anihracis occupied an inter- 
mediate position. Different strains of Strept. vlridans varied 
widely in sensitivity. B. pseudotiibercidos'is rodentium, B. 
pidlorum and B. dysenteriae were as insensitive as the coH- 
typhoid group. TTiese results were confirmed by the gutter 
test, by which also the meningococcus and gonococcus were 
sho%vn to be as sensitive as the staphylococcus, and H, in- 
fluenzae to be insensitive. The original mould was not 
inhibited by the broth. It was shown that staphylococci 
were not suddenly killed but disappeared gradually over 
some hours, when in contact with penicillin. 

Toxicity. The active broth was shown to be no more toxic 
than plain broth when given intravenously to rabbits and 
mice, and to cause no irritation or other undesirable effect 
when applied to the conjunctiva and to large ulcerated areas 
in man. A concentration which completely inhibited the 
growth of staphylococci did not disturb the normal function 
of leucocytes more than plain broth. 

Use in bacteriology. It was shown in various ways that 
penicillin broth suppressed the growth of staphylococci and 
streptococci on an agar plate, while allowing the development 
of insensitive organisms from a mixed culture. For the 
isolation of H. influenzae (Pfeiffer) its use was particularly 
recommended. The penicillin broth could be incorporated 
in the agar or, more simply, it could be spread over half tlje 
plate after inoculation. Boiled blood agar was recommended 
as a medium. In 25 clinical cases of “ influenza ” the bacillus 
grew from the throat swab of 23 with the aid of penicillin 
broth and from only 8 without the penicillin. 

In his discussion the author points out that his penicillin 
broth inhibited sensitive organisms at a higher dilution than 
carbolic acid or other chemical antiseptics in common use. 
It was in addition non-irritant and non-toxic. Experiments 
to investigate its value in treating pyogenic infections were 
in progress. In addition to its possible clinical use, it was 
certainly useful in bacteriology, notably in facilitating the 
isolation of H. influenzae. 
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ON THE OCCURRENCE OF INFLUENZA BACILLI IN 
THE MOUTHS OF NORMAL PEOPLE 
by A. Fleming & 1. H. Maclean, British Journal of Experi- 
mental Pathology, 11, 127-134, April 1930 

In the work here reported Professor Fleming and Dr. Maclean, 
of the Inoculation Department, St. Mary's Hospital, London, 
investigated the mouths of normal people for the presence of 
hsmoglobinophilic bacilli (H. influenzae (Pfeiffer) and related 
organisms). Previous workers had reported finding such 
organisms in between 25 % and 80 % of normal subjects. In 
the present work they were found in all of 36 mouths, and 
usually in several situations, i.e. gum, tonsil and post-nasal 
space. The strains isolated were very variable as regards their 
cultural characters. In 6 mouths studied with especial care 
both influenza and para-influenza strains were isolated from 
the gums in every case, and in the rest para-influenza bacilli 
were always found in the gums. The success of their work 
was attributed by the authors to the use of penicillin for 
differential culture, since in a suitable concentration it sup- 
pressed the growth of the gram-positive cocci and M. catarrh- 
alis, while allowing the growth of the influenza group of 
bacilli. 

The filtrate from a culture of PeniciUium nolatiim could be 
used in three ways : 

i. The infected material was spread on an agar plate and 
then half the plate was spread with 4 to 8 drops of penicillin 
br'oth. This simple method produced a plate, half of which 
showed a complete culture and half a differential culture. 

ii. A more exact method was to make several dUutidns of 
the penicillin broth in a suitable fluid medium and inoculate 
all the tubes with infected material. The influenza bacillus 
was at least 40 times less sensitive than the staphylococcus, so 
that if, for example, the staphylococcus was inhibited at 
1 : 400, suitable dilutions for isolating influenza bacilli would 
be 1 : 3, 1 : 6, and 1 : 10, After 24 or 48 hours’ incubation 
the cultures were plated out. 


iii. Plates were made with a solid medium in which 
penicillin broth was incorporated in known dilutions. 

These methods enabled the authors to isolate influenza 
bacilli when, on ordinary culture, they would have been 
overgrown or inhibited by other organisms. 
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ON THE SPECIFIC ANTIBACTERIAL PROPERTIES OF 
PENICILLIN AND POTASSIUM TELLURITE 
by A. Fleming, Journal of Pathology and Bacteriology, 35, 
831-842, November 1932 

In this paper the author recalls the discovery of penicillin 
(Fleming, 1929) and describes its use in bacteriology. He also 
reports on its first use as a dressing on septic wounds. 

When his strain of PeniciUium notatum was grown in 
trypsin digest broth for 6 or 7 days at 20° C. the filtered broth 
completely inhibited the growth of staphylococci when 
diluted 1 : 800. The broth, which was alkaline, sometimes 
preserved its potency for as much as 3 months, if neutralised 
to about pH 6-8 and subsequently adjusted when 
necessary. 

By incorporating this penicillin broth in culture media, 
bacteria could be divided into two broad groups : (a) those 
whose growth was prevented by concentrations of 1 % or 
less, and (6) those which would grow even in the presence of a 
5 or 10 % concentration. The methods of using the penicillin 
broth in culture media were the same as those described by 
Fleming & Maclean (1930). 

After describing the use of potassium tellurite in bacteri- 
ology (dilutions of 1 : 1,000 spread on a plate, or 1 ; 20,000 
incorporated in the medium where suitable), the author gives 
a table showing penicillin and tellurite to be complementary, 
the organisms sensitive to one being insensitive to the other 
and vice versa. Exceptions were the enterococci, moulds 
and yeasts, and some types of B. coli and B. proteus, which 
were sensitive to neither, and the gonococcus which was 
sensitive to both. 

Examples of the Use of Penicillin 

i. To isolate the hajmophilic bacteria, which are peni-;: 
cillin-insensitive, from mixed cultures [see Fleming & Maclean, 
1930], 

ii. To isolate the acne bacillus, which is only moderately 
sensitive, from material in which it is mixed with the staphy- 
lococcus, which is highly sensitive [see Craddock, 1942]. 

iii. To distinguish the saprophytic gram-negative cocci 
(such as M. flams), which are insensitive, from the patho- 
genic gram-negative cocci which are highly sensitive. 

iv. To demonstrate the inhibition of one bacterial species 
by another. For example, a plate was sown with a mixed 
culture of a streptococcus and V. cholerae, and penicillin was 
spread over half the plate. In the presence of penicillin the 
streptococcus did not grow, and a pure culture of V. cholerae 
was found. On the other half of the plate the streptococcus 
suppressed the growth of the vibrio and was itself found in 
pure culture. Many similar examples are given. 

V. In combination with potassium tellurite, to isolate one 
species of bacterium from a mixture. For example, sputum 
was cultured in broth containing a high concentration of 
penicillin and a low concentration of tellurite. The peni- 
cillin inhibited the growth of the gram-positive cocci, while 
the tellurite inhibited para-influenza bacilli and other gram- 
negative organisms. H. influenzae, which is slightly less 
sensitive to tellurite than the para-influenza organisms, grew 
out in pure culture. 

vi. As a dressing for septic wounds. The penicillin- 
containing broth, which appeared perfectly harmless, had 
been used to dress a number of indolent septic wounds, and 
had “ certainly appeared to be superior to dressings contain- 
ing potent chemicals.” The author believed that it did not 
act by killing the bacteria directly. Its use as a dressing 
presented certain difficulties, because of the labour of pre- 
paration and the instability of the active principle. 
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THE FORMATION FROM GLUCOSE BY MEMBERS 
OF THE PENICILLIUM CHRYSOOBNUM SERIES OF 
A PIGMENT, AN ALKALI-SOLUBLE PROTEIN AND 
PENICILLIN— THE ANTIBACTERIAL SUBSTANCE OF 
FLEMING 

by P. \V. Qutterbuck', R. Lovell & H. Raisfrick, Biochemical 
Journal, 26, 1907-1918, 1932 

Professor Raistrick and his co-workers at the London School 
of Hygiene & Tropical Medicine, University of London, 
followed up Fleming’s original discovery by initiating chemi- 
cal investigations on penicillin. In this paper they describe 
the production of penicillin by Fleming’s mould in a syn- 
thetic medium, and preliminao’ attempts to isolate the 
antibacterial substance. [A yellow pigment, chrysogenin, 
and an alkali-soluble protein were also found in the meta- 
bolism solution, but these will not be discussed here.] 
Fleming’s mould was reported by Dr. Charles Thom to 
be closely related to P. notatum Westling in the P. chryso- 
genum Thom series. The organism was grown in conical 
flasks on a modified Czapek-Dox medium of the following 


composition : 

NaNOa 3-Og. 

KH.POi 1-Og. 

KQ 0-5 g. 

MgS04,7Hj0 0-5 g. 

FeS04,7H,0 0-01 g. 

Glucose 40 -Og. 


Distilled water to 1 litre 

The temperature of incubation was 25° C. At the end of a 
period of incubation the metaboUsm solution was sterilised 
by passing it through a Seitz filter. Its antibacterial power 
was then determined by inoculating one loopful of the test 
organism into tubes containing varying dilutions of the 
filtrate in tiypsinised horse-muscle broth. After incubation 
at 37° C. for 24 hours, opacity readings were taken. 

The antibacterial substance was found to reach its maximum 
concentration at about the 16th to 20th day, when the meta- 
bolism fluid inhibited the growth of Strept. pneumoniae at a 
dilution of 1 : 1,280. Further incubation resulted in a loss of 
acti\ity. 

Penicillin was found to be qiuckly inactivated by evapora- 
tion in vacuo at 40° C. in both acid and alkaline solutions, 
but it was moderately stable at pH 3-6, which caused the 
flocculation of most of the protein and chrysogenin. The 
filtrate was then adjusted to pH 5-5 and concentrated in 
vacuo. This resulted in a partial loss of activity. At pH 2 
(but not at pH 7-2) the active substance could be extracted 
by ether. Evaporation of the ethereal extract to dryness 
gave an inactive residue, but evaporation in vacuo over water 
left an aqueous solution which, after adjusting to pH 7-2, 
still contained some of the original activity. 
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A MODIFICATION OF THE COUGH PLATE METHOD 
OF DIAGNOSIS IN ^VHOOPING COUGH 
by I. H. Maclean, Journal of Pathology and Bacteriology, 45, 
472-473, September 1937 

The author recommends the use of penicillin as an aid to 
isolating H. pertussis. A few drops of broth from a culture 
of Penicillium notatum were spread over one-half of 50 
“ cough plates ” ; 47 were positive on the penicillin side and 
only 33 on the untreated side. Swabs taken from the pharynx 
just ^er coughing and planted on similar plates gave 75-80 % 
positive results with penicillin and about 10 % svithout. By 
both methods the use of penicilliii allowed a heavier inoculum, 
as the number of colonies of streptococci and staphylococci 
was greatly reduced. 
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USE OF PENICILLIN IN CULTIVATION OF THE 
acne BACILLUS 

by S. Craddock, Lancet, 1, 558-559, 9/5/42 
"Ibe author, working in the Inoculation Department of St. 
Mary's Hospital, states that in acne lesions the acne bacillus 
is usually accompanied by Staph, albus, but that by the use 
of penicillin pure cultures could be obtained. 


Method. A tube of glucose broth (pH 6-8) was boiled to 
exfiel dissolved gases. When cool, pus from an acne lesion 
was inoculated into it. The filtrate from a culture of Peni- 
cillium notatum was added, diluted so that the broth finally 
contained a concentration of penicillin twice as great as that 
needed to prevent the growth of staphylococci (this con- 
centration was determined by a preliminary titration). Hot 
sterile “ vaseUne ” [petroleum jelly] was run on to the surface 
to a depth of 0* 5-1-0 cm., and the tube was incubated at 
37° C. After about 60 hours a growth of the bacillus was 
visible and after 4 days it was abundant. 

By this method the bacillus was isolated in pure culture 
from all of 47 specimens of material from acne pustules, 
comedones and sebum, though without penicillin 34 grew 
staphylococci in addition. 


Chemotherapeutic Action: Pharma- 
cology : Bacteriological 
Investigations 

Under this heading is described the first successful use of peni- 
cillin as a chemotherapeutic drug in experimental animal infec- 
tions, which was made possible by the extraction of active, 
although still impure, material from the crude penicillin- 
containing fluid. Preliminary observations on the pharma- 
cology of the drug were made. This work provided evidence 
that penicillin might have important therapeutic possibilities. 
A bacterial enzyme which destroys penicillin, and the morpho- 
logical effects of penicillin on bacteria, are also reported. 
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PENICILLIN AS A CHEMOTHERAPEUTIC AGENT 
by E. Chain, H. W. Florey, A. D. Gardner, N. G. Heatley, 
M. A. Jennings, J. Orr-Ewing & A. G. Sanders, Lancet, 2, 
226-228, 24/8/40 

In this, the first paper on penicillin by the Oxford workers. 
Professor Florey and his collaborators describe how, follow- 
ing up some work on lysozyme, “ it occurred to two of them 
[Dr. Chain and Professor Horey] that it would be profitable 
to conduct a systematic investigation of the chemical and 
biological properties of the antibacterial substances produced 
by bacteria and moulds.” One such substance was peni- 
cillin, which had been discovered, named and described by 
Fleming in 1929. It was produced by a mould of the 
species Penicillium notatum and had promising antibacterial 
properties. 

Methods of culture, assay and extraction of penicillin were 
not described in this paper, the authors confiiung themselves 
to reporting their first antibacterial, toxicity and thera- 
peutic tests. The tests were carried out with crude penicillin 
in the form of a brown powder, freely soluble in water, pre- 
pared from the culture medium. [It is now known that this 
powder contained only from 1 % to 2 % of pure penicillin.] 

Antibacterial action in vitro. A number of pathogenic 
bacteria were tested and found to be inhibited by dilutions of 
one in several hundred thousand, i.e. Cl. welchii. Cl. scptique, 
CL oedematiens, C. diphtheriae, Strept. pyogenes, Strept. 
viridans, Strept. pneumoniae and staphylococcus. Penicillin 
appeared not to be bactericidal, but to interfere with multi- 
plication of the bacteria. 

Toxicity. Ten mg. intravenously had no apparent ill 
effect on a mouse weighing 23 g. Larger doses, 10 mg. 
3-hourly for 56 hours, given subcutaneously to two rats, had 
no general effect, though there appeared to be a transient 
decrease in the polymorph count and some histological 
evidence of damage to the renal tubules. In a cat, 40 mg. 
intravenously (representing a blood concentration of 1 : 5,000) 
did not alter the blood pressure, heart beat or respiration. 
An isolated cat’s heart slowed during the perfusion of 1 : 5,^ 
and 1 : 10,003 solutions, but recovered as soon as perfusion 
with peniciUin was stopped. Human leucocytes remained 
active in a 1 : 1,000 solution. 

Absorption and excretion. Penicillin in solution was ab- 
sorbed from the intestine of the rat without damage to the 
mucosa, and from the subcutaneous tissues, and was excreted 
by the kidneys. It was present in the blood and was 
excreted in the urine, which it coloured bright yellow. 
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Tlierapeittic effect. Five therapeutic experiments were 
performed, two with Strept. pyogenes, two with Staph, aureus 
and one with Cl. septique. The first two were injected intra- 
peritoneally and the last, as a spore suspension with 2-5 % 
calcium chloride, intramuscularly. Penicillin was given by 
subcutaneous injection, 3-hourly for the first 3 days and then 
at longer intervals. In the first experiment with streptococci, 
where treatment was only continued for 12 hours, life was 
prolonged, but at 10 days 25 out of 50 treated mice were 
dead, compared with 21 out of 25 controls. In the next 
experiment a smaller total dose was given — 7-5 instead of 
10 mg. — but it was spread over 45 hours ; 24 out of 25 treated 
mice survived, whereas all the controls (25) were dead in 
16 hours. A similar result was obtained with Staph, aureus. 
In the first experiment treatment was inadequate, though con- 
tinued for 55 hours, but when it was continued for 4 days, 
21 out of 24 mice survived, whereas all the controls were dead 
in 48 hours. The Cl. septique infection killed the 25 controls 
in 17 hours, but after treatment, which lasted 10 days, 24 out 
of 25 mice receiving a total of 38 mg., and 18 out of 25 receiv- 
ing half that dose, survived. It was noticed that the mice 
infected with streptococci and staphylococci looked gravely 
ill for the first few hours, even when undergoing treatment, 
but thereafter recovered and were normal in 36 to 48 hours. 
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AN ENZYME FROM BACTERIA ABLE TO DESTROY 
PENICILLIN 

by E. P. Abraham & E. Chain, Nature, 146, 837, 28/12/40 

Though B. coli was insensitive to the antibacterial power of 
penicillin, no inactivator of penicillin was found in the culture 
fluid. The possibility remained that the bacterial bodies 
themselves contained an inactivating substance. A suspen- 
sion of the bacilli was ground up in a bacterial crushing mill 
and the resulting bacterial extract was found to inactivate 
penicillin completely. The inhibitory substance had the 
properties of an enzyme, and the authors named it “ penicil- 
linase.” The inactivation took place with equal readiness 
under aerobic or anaerobic conditions ; there was no uptake 
of oxygen or appearance of acid groups during the reaction. 

The enzyme was not found in Staph, aureus but was present 
in M. lysodeikticus which was sensitive to penicillin, though 
less so than the staphylococcus. It was absent from yeast 
and from Penicillium notatum. An air bacterium, a gram- 
positive rod, also contained the enzyme, and in this case it 
was present also in the culture fluid. 
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MORPHOLOGICAL EFFECTS OF PENICILLIN ON 
BACTERIA 

by A. D. Gardner, Nature, 146, 837-838, 28/12/40 

The author. Professor in Bacteriology in the University of 
Oxford, reports that penicillin altered the morphology of 
bacteria when present in concentrations too small to inhibit 
growth completely. The effect could be seen at concentra- 
tions down to a 10th, and in some cases even a 30th, of that 
needed for complete inhibition. 

The principal changes appeared to be due to incomplete 
division, giving rise to swollen and grotesque giant forms and, 
in the case of bacilli and vibrios, to long filaments. Such 
forms would presumably be abnormally vulnerable to leu- 
cocytes and other defence mechanisms, and penicillin might 
therefore be expected to have an effect in vivo at concentra- 
tions too low for complete bacteriostasis. 


First Clinical Trials : Production : 
Biological Properties 

In the single comprehensive paper reviewed under this head- 
ing is reported the successful application, in the treatment of 
human infections in a small number of cases, of the data 
obtained by laboratory experiments. Large-scale laboratory 
production was described, but material was still very scarce. 
The work reported in the previous year was considerably ampli- 
fied. Steps towards the purification of penicillin were made. 


FURTHER OBSERVATIONS ON PENICILLIN 
by E. P. Abraham, E. Chain, C. M. Fletcher, H. W. Florey, 
A. D. Gardner, N. G. Heatley & M. A. Jennings, Lancet, 2, 
177-188, 16/8/41 

This paper embodies the full account of the first investiga- 
tions by the Oxford workers. It includes details of the 
growth of Penicillium notatum and laboratory large-scale 
production ; the methods of assay of the active substance ; 
chemical methods for extraction and purification of peni- 
cillin ; a fuller investigation of its bacteriostatic action and 
toxicity, and of absorption and excretion; and finally a 
report of the first therapeutic trials on man. 

[It should be noted that the penicillin preparations used 
in the work here described contained varying amounts of the 
pure substance and never more than 5 %. The paper is 
therefore more valuable for its description of the properties 
of penicillin than for the quantitative data it contains.] 

Growth of the Mould 

For the production of penicillin, the mould was grown on 
the modified Czapek-Dox medium of Clutterbuck et al. (1932), 
with tap water instead of distilled water ; 10 % of yeast ex- 
tract was added, or 2% if the medium was being placed 
under mould already grown. [Other media producing a 
higher yield of penicillin are now in use, but the formulae 
are as yet unpublished.] 

When a spore suspension of Penicillium notatum was sown 
into this medium and incubated at 24° C., the mycelium 
developed, remaining submerged for 3 days and then reaching 
the surface (the depth of the fluid being 1 cm.), where it 
formed a continuous mat. If the medium was disturbed even 
by gentle rocking, formation of the mat was delayed. By the 
6th or 7th day the mat was corrugated and covered by bluish- 
green spores, sometimes with yellow droplets lying on the 
surface. 

The pH of the medium fell until the 3rd day and then rose 
to over pH 8. Penicillin production was maximal at about 
pH 7. Various conditions affecting growth were noted, and 
the need for strict sterility was emphasized, as certain bacteria 
destroyed penicillin. For maximum production the depth 
of the medium did not exceed I - 5 to 2 cm. 

Method of Assay 

A method was devised by which the antibacterial activity 
of solutions could be rapidly tested. Glass or vitreous 
porcelain cylinders 9-6 mm. long and of 5T mm. internal 
diameter, at the lower end internally bevelled and ground flat, 
are placed on the surface of an agar plate which has been 
uniformly sown with a broth culture of Staph, aureus and 
dried. The ground end makes a water- and bacteria-tight 
junction with the agar, so that non-sterile fluids can be placed 
in the cylinder for testing without contaminating the agar 
plate. [It has since been found advantageous to heat the 
cylinder for a moment before placing it on the agar.] The 
active substance diffuses from the fluid into the agar and 
inhibits the growth of the staphylococcus round the cylinder 
for a distance proportional to its concentration in the fluid. 
Several samples can be tested on one plate. 



Fig. V — ^The plate and cylinder ring test devised 
by N. G. Heatley and described above. 

Reproduced by permission of Endeavour. 

Various points affecting the use of tlie cylinders are dis- 
cussed. Tests done in triplicate with solutions so diluted 
as to produce a ring of inhibition not more than 25 mm. in 
diameter have probably an error of not more than ± 25 % 
and possibly much less. A standard penicillin solution 
should be included on every plate for comparison. 
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Laboratory Large-Scale Production 
Tlie mould was grown in closed rectangular porcelain 
vessels, 27-5 x 22 x 6 cm. external diameter, with a side 
arm for filling and inoculation. The medium, enough to 
fill the vessels to a depth of 1-7 cm., was sterilized in the 
vessels, inoculated with a few drops of spore suspension and 
incubated at 24° C. An apparatus for withdrawing and 
replacing the medium under the mat of mould is described 
in detail. 


Extraction from the Medium 

Some details of the method of extraction are given, which 
rest upon the following general principle. At pH 2 the active 
substance will pass from aqueous solution into ether, amyl 
acetate, and certain other organic solvents. As, however, 
in aqueous solution it is rapidly destroyed at this pH at room 
temperature, the extraction must be carried out rapidly or 
in the cold. It passes back into aqueous solution at pH 6-7. 
The substance obtained as a sodium salt preparation after 
a single extraction of this type was found to be pyrogenic for 
rabbits and man. For further purification it was passed in 
ethereal solution through a chromatographic adsorption 
colunm of Brockmann’s alumina. The final product, the 
sodium salt in aqueous solution, was a deep reddish-orange, 
yellow when diluted, and had a faint characteristie smell and 
a bitter taste. It was suitable unmodified for therapeutic 
injection, alter blowing off the ether, or it could be dried, 
yielding a voluminous hygroscopic yellow powder, and 
redissolved when required. [Extraction based ' on these 
principles is still in general use for industrial production.] 


Antibacterial Action 

The purest preparation available at the time of writing 
inhibited several species of bacteria, including Staph, 
aureus at a diluUon of 1 : 1,000,000 and the gonococcus 
at 1 : 2,000,000. The work of Fleming (1929) on the sus- 
ceptibility of different bacterial species was, in general, con- 
firmed. In addition, the Clostridia were found to be highly 
sensitive, S. gaertneri and S. typhi to be of intermediate 
sensitivity, and Myc. tuberculosis to be insensitive. 

A staphylococcus when repeatedly subcultured in medium 
containing penicillin became rapidly resistant — eventually 
1,000 times less sensitive. It was shown that this acquired 
resistance was not due to an enzyme which destroyed 
penicillin. 

Penicillin was shown to be, like the sulphonamldes, bac- 
teriostatic not bactericidal. It differed in its antibacterial 
action from the sulphonamides in the following ways : 

i. It was active at a much higher dilution. 

ii. It was little affected by the number of bacteria present. 

Hi. It was not inhibited by serum, blood, pus, autolysed 

tissues or peptones. 


Toxicity to Tissue Cells 

Hume', leucocytes adhering to a coversUp were inverted 
over a well-slide containing penicillin dissolved in a special 
physiological saUne with 10 % of serum. The leucocytes 
were watched under the microscope for 4 hours. In 1 : 100 
peiuciUin they died immediately, but in 1 : 500 they were 
indistinguishable from control preparations. By comparison, 
proflavine killed immediately at 1 : 20,000, and 2 : 7 diamino- 
acridine-monohydrochloride and sodium hypochlorite at 
1 : 10,000. The sulphonamides were by this test little more 
toxic than peniciUin, as the leucocytes, though they became 
inactive, survived for 2 hours or more in 1 : 500 sulphanil- 
amide and in saturated solutions of sulphapyridine and 
^phathiazole. [Purer preparations of penicillin have since 
been shown to be less toxic to leucocytes than these (Florey 
& Jennings, 1942).] 

In tissue culture it was shown that there was no difference 
betWMn fibroblasts and epithelial tissues in respect of their 
sensitivity to penicillin ; the smallest concentration at which 
any toxic effect was seen was about 1 : 5,000. Fibroblasts 
exposed to a 1 : 1,600 solution for 48 hours began to grow 
a^in when the drug was removed, and hen’s blood macro- 
phages .similarly recovered after 42 hours in a 1 : 200 
solution. 

The central nervous system was the site chosen for an 
experinient on local application. A 1 : 1,000 solution of 
pemcillin was made to flow into the cerebrospinal space of 
two rabbits through a cisternal puncture by slowly injecting 


11 cm.’ of 25% sodium chloride intravenously. In one 
rabbit 2-0 cm.’ of penicillin solution was drawn in and in 
the other l-S cm.’ Neither showed any disturbance, and 
histological examination 6 days later was completely negative. 
Examination of the cortex of other rabbits to which penicillin 
had been applied directly was also negative. 

Absorption and Excretion 

These were investigated in the cat, the rabbit and man. 
It was shown in the cat that penicillin was absorbed from 
the subcutaneous tissues and from the intestine. It could be 
detected in the blood for at least 1 hour after subcutaneous 
or intravenous injection, and for at least 3 hours after intes- 
tinal administration. It was present in the urine for 6 hours 
or more and was excreted in high concentration in the bile, 
where it reached its maximum at 3 or 4 hours. After intra- 
venous injection, the saliva contained a trace, but none could 
be detected in the tears, the pancreatic juice or the cerebro- 
spinal fluid. About 50 % of the penicillin passed into the 
urine, whatever the route of administration. In the rabbit, 
the substance could rarely be detected in the blood but a good 
concentration was present in the bile. After intravenous 
injection 20 % to 50 % was excreted in the urine, but less than 
20 % after intestinal administration. 

In man, penicillin could be detected in the blood up to 
3 hours after intravenous injection or administration by 
duodenal tube, and was excreted in the urine for 6 hours or 
more. At least 50 % passed into the urine, from which it 
could be extracted to be used again. Material containing 
the pyrogenic impurity was freed of the pyrogen by its passage 
through the body. 

The fate of the penicillin not excreted in the urine was not 
ascertained. There was no appreciable destruction when 
penicillin was incubated with sterile tissue from a number of 
organs. 

Clinical Therapeutic Trials 

Clinical trials were begun on the basis of the properties 
of penicillin established in the laboratory. Its non-toxicity 
in concentrations far above those which would inhibit bac- 
teria had been confirmed. It was rapidly eliminated by the 
kidneys, and frequent or continuous administration was 
therefore necessary to maintain an anti-bacterial concentra- 
tion continuously in the body. It was known to be absorbed 
from the intestine, but as it was destroyed by acid it could be 
given by mouth only if the stomach were alkalinised or the 
penicillin were enclosed in enteric (acid-resisting) capsules. 
Faeces destroyed penicillin, probably by bacterial action, 
so rectal administration was not practicable. It was absorbed 
from the subcutaneous tissues, but the local effect of injecting 
concentrated solutions in man was not known. 

For these reasons the first human subjects were treated by 
giving the penicillin intravenously in a “ continuous drip ” 
infusion of saline. The dose was injected 2- or 3-hourly 
into the tubing conveying the saline to the vein or (Case 5) 
dissolved in the saline and given continuously. Five patients 
were treated by this method. The first (Case 1) was a 
febrile and severely emaciated man of 43 wth a mixed 
staphylococcal and streptococcal pyEemia. He was treated 
for 5 days, after which pem'cillin supplies were exhausted, 
but during that time pus formation strikingly diminished and 
in some sites it ceased altogether and healing started. Appetite 
and general condition improved and the temperature fell. 
After 3 days more the patient vas afebrile. Equally good 
results were obtained in a streptococcal wound infection 
(Case 2) and an acute staphylococcal osteomyelitis with 
septiesmia (Case 5). A large carbuncle resolved without 
discharging and without scar formation (Case 3). A boy 
of 4i (Case 4), svith cavernous sinus thrombosis and lung 
abscesses due to Staph, aureus, became strikingly better 
during 9 days’ treatment with penicillin, the cerebrospinal fluid 
becoming sterile after 6 days. He was afebrile and appeared 
on the road to recovery 4 days after the end of treatment 
when a cerebral vascular accident occurred, due to rupture 
of a mycotic aneurysm. At post-mortem the cavernous 
sinus region was occupied by granulation tissue, and in the 
lung, also, healing was in progress. All that remained of 
the infection was small groups of cocci in microscopic areas 
of necrosis at the centre of the granulation tissue. 

In an infant of 6 months (Case 6) with a persistent urinary 
infection due to Staph, aureus, penicillin was given by mouth 
with sodium bicarbonate (to neutralise the acid gastric 
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juice) for 7 days. Though no penicillin could be detected 
in the blood, the urine became strongly bacteriostatic and the 
infection disappeared. Three patients with acute con- 
junctivitis and one with staphylococcal keratitis (Cases 7, 
8, 9, 10) \wre treated by local applications of penicillin. The 
symptom^’flcre rapidly and strikingly relieved and a quick 
recovery took place. 

During the treatment of these patients there were no toxic 
symptoms (except for rigors in two cases due to the pyrogenic 
impurity, which had not been removed). The total leucocyte 
count usually fell, lymphocytes and polymorphs being equally 
affected, but the fall ran parallel with the resolution of the 
infection. The blood urea was slightly above normal in 
2 cases, but without any abnormality in the urine. 

These results suggested very strongly that penicillin, 
properly used, would overcome staphylococcal and strepto- 
coccal infections in man, though the authors ended by 
emphasizing that much further investigation would be needed, 
for which larger supplies of penicillin are essential. 
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Further Chemotherapeutic, 

'' Bacteriological, and other 
Investigations 

This section includes a wide variety of papers on the biological 
properties of penicillin and its chemotherapeutic action in 
experimental infections. Chemical investigations and reports 
of therapeutic trials in man are described in later sections. 
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SOME BIOLOGICAL PROPERTIES OF HIGHLY 
PURIFIED PENICILLIN 

by H. W. Florey & M. A. Jennings, British Journal of Experi- 
mental Pathology, 23, 120-123, June 1942 
The preparations of penicillin used by Abraham et al. (1941) 
contained 40 to 50 units per mg. [about 4-5 % of pure peni- 
cillin]. As soon as preparations containing 250 to 500 units 
per mg. [25-50% of pure penicillin] were available, the 
principal biological tests were repeated on the more active 
material. 

i. Antibacterial activity. Growth of the staphylococcus 
was completely inhibited by a dilution between 1 : 24,000,000 
and 1 : 30,000,000 and partially inhibited up to 1 : 160,000,000. 
The activity towards other organisms was proportionately 
increased. 

ii. Toxicity to mice. Mice given 20 mg. intravenously 
showed no reaction. As 20 mg. of the less pure preparations 
had caused sickness it was evident that toxicity was diminished 
with the removal of impurities. 

iii. Toxicity to leucocytes. Leucocytes survived and 
moved about sluggishly for an hour in a 1 % solution in spite 
of its hypertonic! ly. 

The calcium salt. In all previous experiments the sodium 
salt of penicillin had been used. The calcium salt, unlike the 
sodium salt, was not hygroscopic and was therefore easier 
to handle. Ten mg. intravenously, however, produced 
symptoms in a mouse, and 20 mg. subcutaneously produced 
immediate distress and subsequent sloughing at the site of 
injection. Though a 1 % solution caused no reaction in a 
riibbit’s ear it was thought that the calcium salt was unsuitable 
for therapeutic use. [The preparation of calcium salt tested 
contained 5 % of penicillin. Calcium salt preparations are 
in practice found satisfactory for local application if suitably 
diluted.] 

Assay of penicillin. The authors preferred the plate and 
cylinder method for routine work, keeping the dilution 
method for occasionally checking the strength of standard 


or other preparations. The former method was much 
quicker and did not require a sterile solution. 

Reference 
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IN VITRO TESTS OF PENICILLIN POTENCY 
by A. Fleming, Lancet, I, 732-733, 20/6/42 

In this paper the author surveys the methods available for 
testing the antibacterial activity of penicillin. The newer 
antiseptics, of which the sulphonamides and penicillin are 
the chief examples, differ from the older in two ways : (i) they 
prevent bacterial growth (bacteriostatic action) instead of 
killing the bacteria (bactericidal action), and (ii) they act 
more strongly on some species of bacteria than on others 
(selective action), instead of acting equally on all species. 

With their discovery it became necessary to devise tests 
which would measure bacteriostatic activity and which did 
not depend on showing that bacteria had been killed. 

Tests with the growing mould. The mould is streaked on 
one side of a culture plate and grown at a suitable temperature 
(about 20° C. for Penicillium notatuni). When the growth 
is well developed, the bacteria to be tested are streaked 
across the plate at right angles to the mould. Several 
species of bacteria can be tested on one plate. If the medium 
used for the mould is unsuitable for the bacteria it can be 
covered by a thin layer of another medium before the bacteria 
are planted, as the penicillin diffuses readily from the old 
into the new layer of agar. 

(а) Qualitative 
Tests with Fluid Solutions 

i. The gutter method. This was described in a previous 
paper (Fleming, 1929). 

ii. Agar cup method. A culture plate is inoculated with 
staphylococcus or some other suitable bacterium. Circular 
discs are cut out of the agar by a cork borer, and the bottom 
of the “ cup ” so formed is sealed with 2 drops of melted 
agar. The solution to be tested is placed in the cup, whence 
the active substance diffuses into the surrounding agar. 
The broth from a satisfactory culture of Penicillium notatum 
inhibits growth for about 15 mm. from the edge of the cup. 
Graduated dilutions of penicillin produce zones whose width 
is directly proportional to the concentration of the penicillin. 
This method, compared with the cylinder method of Abraham 
et al. (1941), requires no special apparatus and is not affected 
by the presence of erythrocytes which, in the cylinder test, 
lie on the surface of the agar and prevent diffusion of the 
active substance. 

These two methods arc of value as quah'tative tests, the 
former to test a number of bacterial species on one plate, 
the latter to test a number of samples against one species. 
The applicability of the test obviously depends on the 
diffusibility of the active substance in agar; the author 
suggests that such diffusion may be related to diffusibility 
in the body and therefore to therapeutic activity. 

(б) Quantitative 

The titration method. A flask of broth is inoculated with 
the test organism, and used for making serial dilutions of 
the penicillin. A volume of 0-5 or 1 - 0 cm.® per tube is as 
satisfactory as a larger volume. The sensitivity of an organ- 
ism or the activity of a penicillin solution can be accurately 
measured by this method. 

To standardize the test for titrating penicillin it is advisable 
for aU workers to use the same strain of staphylococcus and a 
uniform inoculum and culture medium. The medium sug- 
gested consists of peptone (Evans) Ig. ; NaCl 0*5 g. ; 
glucose 1 g. ; Andrade’s indicator 1 cm.® ; water to 100 cm.® 
The result is read at 24 hours, and the end-point is shown by 
a change of the indicator to red. 

(c) Tests in the Presence of Blood 

Up to 25 cm.® of blood can be incorporated in an agar 
plate for the gutter or cup test, or the titration method can 
be used for any organisms which will grow in blood. 
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The slide-cell technique is also available and has the 
advantage that the bacteria which arc not inhibited form 
colonies which can be counted. 
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ZINC PEROXIDE, PROFLAMNE AND PENICILLIN IN 
EXPERIMENTAL CL. llELCHll INFECTIONS 
by J. McIntosh & F. R. Selbic, Lancet, 2, 750-752, 26/12/42 
The authors. Professor of Patholog>’ and Assistant Patholo- 
gist at the Bland Sutton Institute of Pathology of the Middle- 
sex Hospital, London, designed their experiments to show the 
effect of a single dose of penicillin given locally at the site 
of an anaerobic infection. 

Cl. weldiii was grown anaerobically for IS hours in 4% 
Difeo proteose-peptone in distilled water. An injection con- 
taining2or4 x 10® washed bacteria in 0-1 cm.’withO-l cm.® 
of 5 % calcium chloride was given into the right thigh of 
each mouse. This was equivalent to at least 100 lethal doses. 
The infection became generalised in the blood stream within 
3 or 4 hours. A dose of 34 Oxford units of penicillin in 
0-2 cm.® was given at the same site. Survival was recorded 
up to 3 days. 

Raults. All control mice died svithin 24 hours. In 3 
different experiments, a total of 42 mice treated with peni- 
cillin at the time of infection all survived. Five out of 6 
mice treated at 2 hours sursived, but there were no 
survivals after treatment at 3 or 6 hours, though life was 
prolonged. 
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CHEMOTHERAPEUTIC DRUGS IN ANAEROBIC IN- 
FECTIONS OF WOUNDS 

by J. McIntosh & F. R. Selbie, Lancet, 1, 793-795, 26/6/43 

The mar^ of safety between the toxic dose and the thera- 
peutic dose was found, in mice, to be greater for penicillin 
than for sulphonaimdes or acridines. Penicillin had no 
undesirable local effect. 

Therapeutic tests were done on mice by injecting intra- 
muscularly 100 minimal lethal doses of the organisms 
su^nded in 2-5 % CaClj solution. Thirty-four Oxford 
^ts of penicillin were given locally into the same site. 
The interval between injection and treatment was one 
hour. 

Results. Pem'cillin was greatly superior to sulphathiazole 
in the treatment of Cl. welchii and Cl. oedematiens infections, 
Mt somewhat less effective than sulphathiazole against 
Cl. septicum. The acridines occupied an intermediate 
position. 

lA more general summary of this paper, with details of the 
mertoiir used, will be published in a future number 

of BMB.] 
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COMBINED ACnON OF ANTITOXIN AND LOCAL 
QIEMOTHERAPY on cl. welchii INFECTION IN 
hncE 

by J. McIntosh & F. R. Selbie, Lancet, 2, 224-225, 21/8/43 
The authors compared the effects of giWng antitoxin alone 
penicillin to mice infected experimentally 
chloride doses of Cl. welchii in 2-5% calcium 

WhM 5 units of antitoxin were given, in one or two doses 
^rom 3 to 6 hours after infection, eight out of thirty-six mice 
^urvi\ed for 3 days or more. When 50 units of penicillin 
antitoxin nineteen out of thirty-six sur- 
3 Fi ' results were seen when treatment ^^as started 

ours after infection than when it was started later. Pro- 


flavine was considerably less effective than penicillin as an 
adjunct to antitoxin. 

[A more general summary of this paper, with details of the 
technical methods used, will be published in a future number 
of BMB.] 
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LOC^VL CHEMOTHERAPY IN EXPERIMENTAL 
LESIONS OF THE EYE PRODUCED BY STAPHY- 
LOCOCCUS AUREUS 

by J. M. Robson & G. I. Scott, Lancet, 1, 100-103, 23/1/43 

The authors, a pharmacologist and an ophthalmic surgeon 
working in the Department of Pharmacology of the Uni- 
versity of Edinburgh, studied the effect of penicillin (and other 
antibacterial substances) in experimental lesions of the eye 
due to the staphylococcus. 

Technique. A strain of Staphylococeus aureus which would 
produce an acute and severe infection of the eye in rabbits 
was selected. A 24-hour culture was diluted to contain 
1,500 bacteria per cm.® A hypodermic needle with a blunt 
bevel was inserted into the cornea and the diluted culture was 
injected until a small blister was raised under the comeal 
epithelium. 

The severity of the infection varied in different rabbits, but 
in each rabbit the lesions in the two eyes were remarkably 
similar. Severe conjunctivitis, comeal ulcers and iritis were 
always produced, and usually a hypopyon. The final condi- 
tion varied from slight scarring to gross destruction of the 
eye. 

Penicillin was applied to one eye. and saline solution as a 
control to the other. Treatment was started 1 hour after the 
infection and was given every hour for 48 hours and thereafter 
hourly during the day. 

Result. Penicillin was applied to one eye in 17 rabbits and, 
of these eyes, 14 suffered slight or negligible damage. Among 
the control eyes, the damage was slight in only one and in the 
rest was classed as moderate or severe. Cultures from the 
treated eyes were sterile during treatment and for several days 
after. 


Fig. VI — Condition of eyes of rabbit on 3rd day 
after inoculation under the comeal epithelium of a 
staphylococcal culture. In the eye fteft side) treated 
with peniciliin, only a faint infiltrate developed, and 
this later disappeared. In the untreated eye there 
is considerable corneal ulceration with hypopyon. 

This photograph is reproduced from the Lancet. 

When the treatment was started 24 hours after infection 
it was almost without effect. 

[Reference is made above only to those parts of the original 
paper in which the use of penicillin is described. A more 
general abstract of the same paper has previously been pub- 
lished [BMB 53).] 
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THE PRODUCTION ANT) TRE.'VTMENT OF EXPERI- 
MENTAL PNTUMOCOCCAL HYPOPYON ULCERS IN 
THE RABBIT 

by J. M. Robson & G. I. Scott, British Journal of Experimental 
Pathology, 24, 50-56, April 1943 

Continuing their investigation on the treatment of experi- 
mental inftetions of the eye, the authors produced pneumo- 
coccal ulcers in rabbits by injecting a 6 to 15-hour culture of 
a tvpe 19 pneumococcus into the cornea, so as to raise a small 
blBter under the corneal epithelium. There was some taria- 
tion in the severity of the resulting lesion, but usually there 
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was severe ulceration, with iritis and hypopyon. One eye in 
each rabbit was used as a control. Penicillin was applied to 
the eye hourly for 36 hours and then hourly by day for about 
3 days more. 

Result. In 28 rabbits in which treatment was started 1, 6 
or 12 hours after infection, all the untreated control lesions 
were classed as severe, whereas 22 of the treated lesions were 
classed as slight or very slight. Even when treatment was 
started at 24 hours there was some effect — 8 out of 14 treated 
lesions were slight, while all the control lesions were severe. 

[Reference is made above only to those parts of the original 
paper in which the use of penicillin is described. A short 
and more general abstract of the same paper has previously 
been published {BMB 164).] 
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CHEMOTHERAPEUTIC EXPERIMENTS ^V^m THE 
VIRUSES OF INFLUENZA A, LYMPHOGRANULOMA 
VENEREUM AND VACCINIA 

by C. H. Andrewes, H. King, & M. van den Ende, Journal of 
Pathology and Bacteriology, 55, 173-181, April 1943 

The authors, who are on the staff of the National Institute 
for Medical Research, London, tested the action of penicillin 
on mice infected with influenza, vaccinia and lymphogranu- 
loma venereum viruses. The penicillin was injected 3-hourIy 
for 72 hours. It had no therapeutic effect in mice with any 
of these diseases, in spite of the fact that it suppressed the 
growth of lymphogranuloma venereum virus in tissue culture. 

[This brief abstract refers only to results with penicillin. 
A fuller summary will appear in a future issue of BMB.] 
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SYNERGISTIC EFFECT OF PARA-AMINOBENZOIC 
ACID AND SULPHAPYRIDINE ON PENICILLIN 
by J. Ungar, Nature, 152, 245-246, 28/8/43 

The author is a member of the research staff of the Glaxo 
Laboratories, Ltd., Greenford, Middlesex. He found that 
in a medium containing 0 • 1 % hydrolyzed casein the addition 
of p-aminobenzoic acid (1 : 1,000-1 : 10,000) raised the figure 
at which a penicillin solution inhibited B. subtilis from 
1 : 100 to 1 : 6,000 and Staph, aureus from 1 : 40,000 to 
1 : 75,000-1 : 100,000. A similar effect was seen in glucose 
broth with B. subtilis. There was no effect with Strept. 
hcemolyticus. 

Sulphapyridine in concentrations too low to inhibit growth 
(1 : 2,000-1 : 50,000) had a similar effect, raising the titre for 
Staph, aureus in digest broth from 1 : 30,000 to 1 : 70,000. A 
similar effect was shown in glucose broth against the staphy- 
lococcus and streptococcus. No further rise in titre occurred 
when p-aminobenzoic acid was added as well as sulpha- 
pyridine. 

Groups of six mice were injected with staphylococci and 
streptococci and treated for 4 days with small doses of 
(i) sulphapyridine, (ii) penicillin, (iii) sulphapyridine + 
penicillin. With the streptococcus 1 mouse in each of 
groups (i) and (ii) was alive at 7 days, and 4 in group (iii). 
With the staphylococcus a similar prolongation of life was 
shown, thou^ the sulphapyridine alone was entirely without 
effect. Control mice were all dead on the first day. [The 
groups of mice in this therapeutic trial are too small for the 
experiment to be considered entirely conclusive.] 
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INHIBmON OF UREASE BY PENICILLIN 

by J. C. Turner, F. K. Heath & B. Magasanik, Nature, 152, 

326, 18/9/43 

The authors, who are members of the U.S. Army in Great 
Britain, reported that highly purified penicillin preparations, 
with an activity of up to 850 Oxford units per mg., inhibited 
the action of urease. From results with preparations of 
different activities it was thought probable that the inhibition 
was a function of penicillin itself and largely independent 
of the impurities present. 

It was suggested that the elevation of blood urea, found by 
Florey & Florey (1943) to have occurred in some patients 


treated with penicillin, might be attributable in part to in vivo 
inhibition of urease. 

[This suggestion should be accepted with reserve, as it is 
unlikely that concentrations in the body ever approach those 
used in these in vitro tests.] 
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THE PRODUCTION OF PENICILLIN 

by S. W. Challinor & J. MacNaughtan, Journal of Pathology 

and Bacteriology, 55, 441-446, October 1943 

The authors, who are working in the Bacteriology Depart- 
ment and the Wilkie Surgical Research Laboratory in the 
University of Edinburgh, emphasize the difficulty of pro- 
ducing large amounts even of crude penicillin. The mould 
takes several days to reach maximum production and the 
yield of penicilh’n is small. Further, since a shallow layer 
of culture medium is necessary, large amounts of space are 
needed for incubation. For these reasons they turned their 
attention to finding substances which, added to the basic 
medium, would increase the yield. 

The basic medium was the modified Czapek-Dox used by 
Abraham et al. (1941), with 10 % yeast extract. On the 
assumption that the mould at the height of its activity might 
produce growth-promoting substances, matured medium 
(e.g. on the 11th day) was added to fresh medium. This 
accelerated the production of penicillin but reduced its 
stability, probably because of the acids formed. A better 
result was obtained by adding buffers or CaCOg to the medium 
to maintain the pH at about 7. Using a medium of the 
following composition : 

NaNOa . . 3-0 g. Na2HP04.12H20 33-5 g. 

KCl . . 0-5 g. Glucose (A.R.) . 40-0 g. 

MgS 04 . 7 H 20 0-5 g. Yeast extract . 100 ml. 

FeS 04 . 7 HoO . O'Ol g. Distilled water . to 1000 ml. 

KH 2 PO 4 “ . 6-5 g. 

yields in individual cultures were increased 6-8 times, e.g. 
from 1 to 6 Oxford imits per cm.® By adding 5 cm.® of a 
10 % aqueous suspension of CaCOa to 200 cm.® of basic 
medium, an increase was also obtained. 

The authors observed that the yield varied according to 
the strain of Penicillium notatum employed. Higher yields 
were reported by workers using other strains. [And are also 
obtainable on other media, whose formulas are as yet un- 
published.] 
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A NEW RAPID METHOD FOR PENICILLIN ASSAY 
by U; Wilson, Nature, 152, 475^76, 23/10/43 
The present assay methods for penicillin, all of which depend 
on bacterial inhibition, usually entail overnight incubation. 
In this communication the author, who is on the staff of the 
Wellcome Physiological Research Laboratories, describes a 
test which can be read after 3-3^ hours. Aseptic technique 
is not necessary. 

The penicillin solution to be tested was initially diluted so 
as to contain about 1 unit per cm.® and then serially diluted 
with nutrient broth. To tubes containing 1 cm.® of these 
broth dilutions were added 0*2 cm.® of a suspension of 
500-700 X 10® organisms of a group A P-haemolytic strepto- 
coccus and 0-8 cm.® of a 5 % suspension of sheep erythro- 
cytes. After mixing, the tubes were incubated in a water- 
bath at 37“ C. for 3-3i hours. They were then centrfuged 
and examined for haemolysis, absence of haemolysis indicating 
a bacteriostatic concentration of penicillin. The strepto- 
coccus was grown on plain agar and washed off with broth 
before use, to avoid the inclusion of preformed haemolysin. 
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Es’raBITION OF PENICILLIN IN ROUTINE CULTURE 
MEDIA 

by G. J. Harper, Lancet, 2, 569-571, 6/11/43 
In making bacteriological investigations into the results of 
treatment with antiseptics, it is a serious dilTiculty that traces 
of antiseptic may be carried over into the cultures and pre- 
vent the growth of bacteria which are present. The author 
of this paper, who is senior tcclinical assistant in the Medical 
Research Council Unit at the Birmingham Accident Hospital, 
describes a method for removing penicillin when making 
such cultures. For this purpose he utilised the discovery of 
Abraham & Chain (1940) that certain bacteria contain an 
enzyme, penicillinase, which destroys penicillin. 

Strains of Boct. coli. Bad. acrogcncs. Bad. typhosnm. Bad. 
typhi-murium. Bad. flcxncri, Ps. pyccyanca, Proteus vulgaris, 
and an air micrococcus, all inactivated penicillin to a greater 
or less degree, but the most powerful inactivator was the 
paracolon bacillus, of which 7 strains isolated from penicillin- 
treated wounds were all found to destroy penicillin. Living 
cultures, culture filtrates and dried preparations of this 
bacillus all appeared to be active. For bacteriological use, 
the 24-hour growth on a solid medium was suspended in the 
minimum amount of distilled water and precipitated with 
acetone. After standing an hour the precipitate was treated 
for 1-2 hours with fresh acetone and then with two changes 
of ether. After centrifuging, the precipitate was dried 
quickly in vacuo and stored in sterile tubes. The preparation, 
dry or suspended in water, remained active for at least several 
weeks. ; 

One mg. of the dry preparation incorporated in a culture 
tube or plate was shown to inactivate 200 Oxford units of 
penicillin, an amount greater than that likely to be accidentally 
encountered in routine work. The paper contains tables 
showing the success of this method in obtaining a growth of 
penicillin-sensitive organisms from swabs of penicillin-treated 
wounds, which on ordinary media appeared to be sterile. 
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the action of CHEMOTHERAPEUTIC DRUGS 
(INCLUDING PROFLAMNE) AND EXCIPIENTS ON 

healthy tissue 

by F. R. Selbie & J. McIntosh, Journal of Pathology and 
Bacteriology, 55, 477-481, October 1943 

In the course of testing the effect of antiseptics administered 
lorally the authors injected intramuscularly in mice 5 mg. 
of an impure preparation of the calcium salt of penicillin 
[concentration of penicillin not stated], dissolved in a small 
arnount of water. The mice were killed at 3 days. No de- 
tails of the findings are given but it is stated that muscle 
necrosis was sUght — ^less than that caused by any other anti- 
sepUc tested except the sulphonamides, which produced a 
similar degree of necrosis. 


Purification and Investigation of 
Chemical Properties 

Communications on this subject are few, and although the 
^ ^'^‘^try of penicillin is receiving urgent attention on both sides 
oj t le Atlantic, full results are not yet available for publication. 
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PURIFICATION AND SOME PHYSICAL AND CHEMI- 
properties of PENICILLIN 
•i Abraham & E. Chain, British Journal of Experi- 

mental Pathology, 23, 103-115, June 1942 

O from the Sir William Dunn School of Pathology, 

linn”™’ “ofhors report in full their chemical investiga- 
up to the time of publication. They give a method for 


obtaining a penicillin preparation with an activity of 500 
Oxford units per mg., and describe some of its physical and 
chemical properties. Growth of the mould and assays of 
antibacterial activity were carried out as previously described 
(Abraham ct al., 1941). 

Owing to the instability of penicillin, methods of purifica- 
tion were restricted to those depending on distribution 
between solvents, adsorption, and reduction. Most of 
the operations were carried out at temperatures of less 
than 7° C. 

The acid properties of penicillin made it possible to extract 
the substance with certain organic solvents at pH 2 and to 
rc-c.\tract it into water, as a salt, at pH 6. Penicilh'n was 
extracted from the culture fluid by an equal volume of amyl 
acetate and then converted to the barium salt (20 units/mg.) 
in one-fifth of the volume of water. Inactive pigment was 
removed from the solution by treatment with 5 % of charcoal. 
The penicillin was then transferred to ether and the ethereal 
solution was passed through a column of Brockmann alumina. 
Tlie chromatogram showed the presence of at least five 
different pigments, the penicillin being associated with a 
light yellow layer near the top of the column. The material 
was eluted from this fraction by phosphate buflfer at pH 7, 
extracted by ether and converted to the barium salt (70- 
100 units per mg.). A second chromatogram gave material 
of 100-150 units per mg. On reduction of this material 
with aluminium amalgam, keeping the aqueous solution 
neutral, most of the remaining pigment was adsorbed by 
the alumina formed. The supernatant contained 80 % of 
the original activity and yielded, after extraction with amyl 
alcohol, a barium salt of about 300 units per mg. After 
three further chromatographic adsorptions from amyl 
acetate, the final column appeared almost colourless and 
homogeneous. From this was obtained a barium salt of 
450-500 units per mg. Elementary analysis gave the follow- 
ing figures : C44-3; H4-8;- N4-2; Ba 22-0. 

The barium salt was most stable in aqueous solution- 
between pH 5-5 and 7-5; though under these conditions it 
was rapidly inactivated by heating to 100° C. It was quickly 
inactivated by dilute acid and alkali at room temperature, 
but at 0° C. could be kept for one hour at pH 2. The free 
acid was hygroscopic and lost activity readily, but its solution 
in ether or amyl acetate was stable for some days. 

Penicillin was inactivated by : (i) heavy metal cations, such 
as copper and mercury, (ii) primary alcohols, (iii) ammonia 
and amines, (iv) hydrazine, hydroxylamine and bisulphite, 
(v) oxidising agents such as permanganate or hydrogen 
peroxide. 

Inactivation by acid, alkaU and by boih'ng at any pH was 
shown to be accompanied by definite chemical changes. 
Active penicillin showed no buffering power between pH 6 
and pH 10, but inactivation with acid resulted in the forma- 
tion of a new titratable group with a pK of approximately 
7-6. At the same time a substance precipitated by base 
precipitants was formed. Dilute alkali produced a group 
with a pK of approximately 5-0. It was not possible to 
produce both these groups. Treatment with alkali after 
acid, or vice versa, resulted in no further change. This 
suggested that the same part of the molecule iivas involved 
in both acid and alkaline inactivation. Inactivation by 
boiling at any pH was shown to be accompanied by the loss 
of a molecule of carbon dioxide. 

Reference 
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THE SPECTRO GRAPHIC EX.AMINATION OF PENI- 
CILLIN PREPARATIONS 

bv E. R. Holiday, British Journal of Experimental Pathology, 
23, 115-119, June 1942 

The author, who is a member of the Medical Unit of the 
London Hospital, e.xamined the ultra-violet absorpuon spect.ra 
of penicillin preparations at various stages of purincaticn 
(Abraham & Chain, 1942). 
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With increase in the purity of the penicillin there was a fall 
in the intensity of absorption. Before the stage of reduction 
with aluminium amalgam, preparations showed high specific 
extinction coefficients with two distinct maxima at 278-283 m,u. 
and 375-388 m[i. After the reduction they showed low 
extinction coefficients with one maximum at shorter wave- 
lengths (246-254 mix) and a pronounced long wave inflexion 
(300 mix). The values for material with an activity of 

480 units per mg. were = 8-5 and j = 2-3. 

The absorption curves showed that most of the material 
in crude penicillin preparations was chemically changed 
during the reduction, but it was not possible to state whether 
the portion changed included penicillin itself. 

The molecular extinction coefficient of the purest material 
was thought to be too low to allow the presence of substi- 
tuted aromatic rings, but a polysubstituted hydroaromatic 
ring structure was considered possible. 

Reference 
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PURIFICATION AND CHEMISTRY OF PENICILLIN 
by J. R. Catch, A. H. Cook & I. M. Heilbron, Nature. 
150, 633-634,28/11/42 

Professor Heilbron and his co-workers at the Imperial College 
of Science, London, describe the purification of penicillin 
by a modified form of chromatography. Penicillin dissolved 
in an organic solvent, such as ether or amyl acetate, was 
passed through a column consisting of a 2-5% precipitate 
of an alkaline earth carbonate on silica-gel. The constituents 
of the crude penicillin were thought to be separated primarily 
according to the strengths of the component acids. 

By this process the authors obtained a penicillin strontium 
salt having an activity stated to be about 500 Oxford units 
per mg. The material gave analytical figures corresponding 
with the formula C24H340iiNSr. [It is clear from other work 
that this is not the correct formula for penicillin.] 

The substance was degraded by treatment with dilute acid, 
alkali, or moist organic bases such as aniline. The products 
isolated were : (a) a colourless water-soluble acid, (6) varying 
quantities of a yellow almost insoluble pigment, (c) acetalde- 
hyde. The water-soluble acid afforded ether-soluble and 
ether-insoluble acids on further hydrolysis. The latter gave 
a positive ninhydrin reaction and was considered to be formed 
by the splitting of a peptide bond. 
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PENICILLAMINE, A CHARACTERISTIC DEGRADA- 
TION PRODUCT OF PENICILLIN 
by E. P. Abraham, E. Chain, W. Baker & R. Robinson, 
Nature, 151, 107, 23/1/43 

These chemical workers in the Sir William Dunn School of 
Pathology and the Dyson Perrins Laboratory, Oxford, col- 
laborating to elucidate the constitution of penicillin, report 
that solutions of penicillin hydrolysed by N/10 sulphuric 
acid at 100° C. give a strong ninhydrin reaction. The 
colour intensities given by numerous preparations run 
parallel to their antibacterial activities. Hydrolysates of the 
purest preparations (650 and 1,000 Oxford units /mg.) con- 
tained about 59 % of their total nitrogen in the form of amino 
nitrogen. The authors believe the substance responsible 
for these results to be a fundamental part of the penicillin 
molecule, and have named it penicillamine. 

Penicillamine was precipitated from solution by mercuric 
chloride. After decomposing the precipitate, crystalline peni- 
cillamine hydrochloride was obtained in 30 % - 40 % yield. 

Penicillamine showed no measurable rotation in aqueous 
solution. It had three titratable groups with pK values, of 
2-0, 7-9 and 10-5. The nitrogen was present as an amino 
group. Penicillamine gave a deep blue colouration with 
ferric chloride. It was oxidised by iodine, the reaction 
being reversible. On heating with p-nitro-phenylhydrazine 
in N hydrochloric acid, glyoxal p-nitrophenylosazone was 
produced in 20 % yield. 


PENELLIC ACID, AN OPTICALLY ACTIVE ACID 
FROM PENICILLIN 

by W. M. Duffin & S. Smith, Nature, 151, 251, 

The authors, working at the Wellcome Physiological Research 
Laboratories, found that when highly active penicillin pre- 
parations were kept in aqueous solution at pH 2 there occurred 
a rise in rotation. Only part of the material could then be 
extracted by ether, and there was left in the colourless aqueous 
phase a substance which they named penillic acid. This 
could be extracted from the aqueous solution by butyl 
alcohol, from which it could be separated in crystalline con- 
dition. The yield was directly proportional to the biolo^cal 
activity of the penicillin used. With the best material it 
amounted to 20 % of the barium penicillin. 

Penillic acid decomposed at 175° C. with evolution of gas. 
In aqueous solution it had a rotation of -{- 600 for the mercury 
green line. It gave a bluish-purple colour with ninhydrin. 
It was precipitated by mercuric chloride and phosphotungstic 
acid, and formed a sparingly soluble silver salt. It did not 
show the blue colouration with ferric chloride found by 
Abraham et al. (1943) to be given by penicillamine. 

Reference 

^ Abraham, E. P., Chain, E., Baker, W. & Robinson, R. 
(1943) Nature, 151, 107 

* [see BMB 230] 


Further Clinical Trials 

The first clinical trials of penicillin were part of a compre- 
hensive investigation which is reported under another heading. 
The clinical reports described here, although limited by the 
relative scarcity of penicillin, provide conclusive confirmation 
of its therapeutic value. The first of the reports below is not 
comparable in scope with the others, but it is an interesting 
example of an early clinical application of penicillin. 
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ANTISEPTIC SNUFFS 

by M. E. Delafield, E. Straker & W. W. C. Topley, British 
Medical Journal, 1, 145-150, 1/2/41 

This paper, by three members of the Emergency Public Health 
Laboratory Service, described the technique used and the 
results obtained in some preliminary experiments on the 
control of the bacterial flora of the nose and nasopharynx by 
means of antiseptics applied locally in the form of a snuff. 

The subjects were examined on 3 successive days each week. 
Two nasal, one pharyngeal and two tonsillar swabs were 
taken. Each swab was immediately emulsified in 2 cm.® of 
nutrient broth, the swab being rotated 20 times and then 
pressed against the side of the bottle. After this had been 
repeated 3 times, 0-6 cm.® of the broth was pipetted into the 
middle of a sterile Petri dish, and then absorbed on to a 
sterile 7-cm. filter paper. The paper was transferred to the 
surface of a blood-agar plate. After contact had been made 
the paper was removed and the plate was incubated at,f§7° C. 
Examinations were made at 24 and 48 hours. After 48 hours 
the plates were photographed against a dark background 
with oblique back-lighting. The number of colonies was 
counted in the prints. The method gave better quantitative 
results than other methods tried, but the normal variation 
was found to be large. Growth was usually heaviest from 
the tonsils and least from the nasal cavities. 

Of the three antiseptics used, sulphathiazole (10 % in lyco- 
podium powder or in magnesium carbonate as a diluent) was 
given the most extensive trial. Proflavine (5%) was soon 
found to be less effective and was also jesthetically objection- 
able. Penicillin was then so scarce that only 4 cases could 
be treated with it. 

The penicillin snuff contained 1 part by weight of penicillin, 
5 parts of menthol and 94 parts of lycopodium. [The peni- 
cillin used was a crude preparation of the sodium salt con- 
taining about 10 Oxford units per milligram. With six 
applications a day the daily dose of penicillin was about 25 to 
35 units.] 

Results. The 4 cases treated with penicillin were all rela- 
tively heavy nasal carriers of staphylococci. The numbers of 
staphylococci were greatly decreased during treatment. In 
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3 cases the period of treatment \\-as short (7-10 days), and 
stanhylococci returned after the penicillin was discontinued. 
The authors point out that, though traces of antiseptic carried 
over on tlie swabs could not alnnys be excluded as a cause of 
the reduced bacterial count, in one ease staphylococci were 
almost abolished for S days after a short course of penicillin. 

Nineteen eases were treated with sulplialhinzolc snulT with 
promising results, but the number of cases was too small to 
permit a critical cv.aluation of the method of treatment. The 
authors conclude that (i) further work on proflavine is not 
worth while, ftO penicillin would probably prove particul.arly 
effective, (iii) sulphathiazolc might be tried in Larger doses 
vrith better results, and (iv) a mixture of penicillin and 
sulphathiazolc might prove useful. 

Treatment of carriers by this method would probably need 
to be prolonged. 
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GENERAL AND LOCAL ADMINISTRATION OF 
PENICILLIN 

by M. E. Florey & H. W. Florey. Lance/, 1, 3S7-397, 27/3/43 

Professor Florey and Dr. M. E. Florey report in this paper 
the first wide investigation of the possibilities of penicillin 
therapy. Fifteen patients with serious illness were treated 
by mouth or by intravenous or intramuscular injection and 
172 patients were treated by local application. 

The principles of clinical use were based on the knowledge 
already obtained in the laboratory: ft) Because penicillin 
had been found to be destroyed by boiling, by acids, alkalis 
and certain heavy’ metals, by oxidising agents and by errzymes 
produced by some common air bacteria, it was clear that 
solutions for clinical use must be freshly made up and pro- 
tected particularly from changes of ;jH, from heat and from 
bacterial contamination, (ii*) In concentrations suitable for 
clinical use, penicillin is bacteriostatic, not bactericidal ; a 
concentration sufficient to suppress "bacterial growth must 
therefore be maintained continuously at the site of infection 
until the physiolopcal defence mechanisms have effectively 
acted upon the invading organisms, (iii) It was known that 
penicillin is excreted rapidly by the kidneys ; therefore in 
systemic administration large and frequent doses were neces- 
sary to maintain a bacteriostatic concentration continuously 
in the body, (iv) No toxic effects had been seen after thera- 
peutic doses in mice or men. Leucocytes survived in high 
concentrations of penicillin. There was therefore no problem 
of overdosage, (v) It was kno^vn that neither tissue extracts, 
blood, nor pus interfered with the antibacterial action of 
penicUlin. 


Systemic Administration 

By mouth. As penicillin would have been destroyed by the 
acid gastric juice it was necessary to give it in “ enteric cap- 
sules ” (gelatine capsules coated with cellulose acetate 
phthalate, which is soluble in alkali but not in acid) or by 
duodenal tube. Preh'minaiy trials on a normal subject 
showed that the penicillin given by capsule was absorbed, as 
the blood became bacteriostatic for 2 hours and the urine for 
7 hours, but the time at which the capsules dissolved was 
variable. An attempt was made to treat two patients by cap- 
sule and duodenal tube, but there was no marked clinical 
improvement and it is probable that absorption was irregular 
and incomplete and the dosage too small. 

Parenteral. Of the remaining 13 cases treated by general 
administration, 5 received penicillin intramuscularly alone, 
5 both intravenously and intramuscularly, and 3 received 
local injections at the site of infection in addition to injections 
by one or both of the other routes. Sometimes a continuoiK 
intravenous saline drip was established and the penicillin 
was given intravenously by this means. The usual dose for 
an adult was 10,000 Oxford units 2-hourly, or 15 or 20,000 
umts 3-hourly, but the size of the dose was never arbitrary. 
By a modification of the slide-cell technique of Colebrook, 
Storer & Wright (1923) the power of the patient’s plasma to 
prevent the grow’th of the infecting organism was tested at 
various iptcrvals between one injection and the next, ^d the 
dose was so regulated as to maintain bacteriostasis con- 
tinuously in the plasma. The largest total dose was 4-7 
million imits to a patient who was treated continuously 
for a month. The usual total dose for an adult was about 
1’5 million mu'ts. As little as O’l million umts brought 


about the recovery of an infant of 2 months with multiple 
osteomyelitis. 

Of this group of cases 8 had a severe infection with S/aph. 
onre/zs— acute or sub-acute osteomyelitis, pyremia or septi- 
emmia with, in one case, fulminating cavernous sinus throm- 
bosis— and all were cured, as was also a patient with chronic 
osteomyelitis in which Staph, aureus and Strep/, pyogenes 
were combined. A case of meningitis due to a sulphonamide- 
rcsistant streptococcus [reported fully by Fleming (1943)] 
was cured. In a patient infected with a streptothrix and a 
streptococcus the streptothrix was eliminated. In another 
case with a similar mixed infection the organisms were not 
eliminated, but here the dose of penicillin was clearly too 
small. A case of sub-acute bacterial endocarditis due to 
Strept. viridans improved during treatment but relapsed as 
soon as treatment was stopped, at the end of a month. 

Certain important facts emerged from the study of these 
cases. Penicillin prevented bacteria multiplying but had no 
other effect, and the body defences were therefore called on 
to overcome the residual infection in the usual way ; for this 
reason the temperature fell slowly over 1 to 2 weeks and was 
not a guide to the success of treatment in the first few days. 
By contrast, diminution of pain and improvement in spirits 
and appetite began early and were usually remarkable. 
Elimination of bacteria ran parallel with recovery, 
bones were involved, radiograms taken during the period of 
recovery showed a progressive rarefaction which was pre- 
sumed to be due to the rapid removal of inflammatory pro- 
ducts ; rccalcification took place later srithout further treat- 
ment. In some cases the blood urea rose, but it fell agam 
during or after treatment ; the urine did not contam albumen 
and there was no sign that the rise was due to renal damage. 
Anremia improved during treatment svithout blood trans- 
fusion, and there was no evidence of toxic leucopenia. in 
5 cases the infecting organism was isolated before and alter 
treatment and tested against penicillin in vitro. In 3 cases 
there was no change in sensitivity ; in 2 cases shght resistance 
had developed to the extent that four tim^ the previous con- 
f#>niraiion of nenicillin was needed to inhibit growth. 


Local Adminislration 

The same principles as for general treatment were ap^ed. 
Penicillin was known to act m the presence of pus, but tong 
veiy soluble had to be renewed frequently. A good effto 
could be expected only if the whole infected area co^ld be 
reached, but free drainage, which would have removed the 
penicillin, was not desirable. fThe calcium salt of pemciUm 
was used in most cases as it was easier to handle 
sodium salt, which was hygroscopic. The calcium salt vv^ 
not, however, suitable for intravenous or intramuscular 
injection in strong solution.) 

The cases treated fell into 4 groups : 

i Mastoid infections. After a Schwartze mastoidectomy 

the wound was sewn up completely and a fine ^ 

without lateral holes was inserted through ‘g 

the base of the cavity. Pemcillm solution, ^0 to 500 umu 
net cm=> was injected 6-hourly, exudate Iremg asp^ted 
through the tube before each injection. Pemcillm omtuient 
waT sm^rared on the suture line. Treatment w^ contin^d 
for 7 days. Fourteen out of 16 acute or sub-acute and 5 ou 
of 6 chronic cases healed by primary umom Tvyo of the 
failures came early in the series and could be attributed to 
technical defects. 

ii Eye infections. Eighty-nine eye infections of a wide 
variety of t^^es were treated by aqueous drops or 'asehne 
ointment containing 600 to 800 units 

gram. Among the infecting organisms were 
Staph albics, pneumococcus and gonococcus. ’^^ge Pr^ 
ooifton of the cases was cured. Relapse or failure could 
^ways be explained by persistence of an insensitive organism, 
2; a^oStedirritativLondition, or faflure to persevere with 
treatment. . 

iii. Chronic .sound suuacs. Dp- 
anolied to short sinuses. Long sinuses vyere treated by n 
sertng a catheter as far as possible, 
tion (200-500 units/cm.=) and immediately 

with a .J^®S^^^°^torted with empyema 

by thy solufioo tmJ 
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two requiring surgical treatment for a sequestrum and a 
bronchopleural fistula respectively. 

iv. Various septic conditions. Among 50 patients with 
a variety of septic lesions, healing was obtained by similar 
methods in all but a few, for whom surgical interference was 
needed to obtain better access or to drain already sterilised 
abscesses. 

References 

Colebrook, L., Storer, E. J., & Wright, A. E. (1923) Lancet, 
1,365 

^ Fleming, A. (1943) Lancet, 1, 434 
^ [see BMB 236] 
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PENICILLIN AND PROPAMIDINE IN BURNS : Elimina- 
tion of Hsemolytic Streptococci and Staphylococci 
by A. M. Clark, L. Colebrook, T. Gibson, M. L. Thomson & 
A. Foster, Lancet, 1, 605-609, 15/5/43 

This paper is by members of the Medical Research Council 
Bums Unit at the Royal Infirmary, Glasgow, who report the 
results of local penicillin therapy in infected bums. The 
control of sepsis due to hemolytic streptococci and staphy- 
lococci was desirable not only for treatment but also to 
eliminate the dangers of cross-infection. 

Method, Penicillin was incorporated in a cream consisting 
of lanette wax SX 50 g., castor oil 120 cm.^ water 275 cm.® 
Sufiicient of the calcium salt of penicillin, dissolved in a small 
amount of water, was added to the cream to give a final con- 
centration of penicillin of 120 units/gram. It was found that 
the bacteriostatic activity of the cream was retained at room 
temperature for about 2 weeks. The cream was thickly 
spread over the bums and renewed 4 times at 48-hour 
intervals. 

Results. No toxic effects were observed and the dressings 
were painless. Healing was rapid except when delayed by 
large sloughs or gross skin loss. Forty-one out of 54 wounds 
were freed from h£emol 3 dic streptococci within 5 days. In 
the remaining cases healing occurred less rapidly on account 
of adverse circumstances (e.g. interference with the dressings). 
Staphylococci also disappeared, though more slowly. The 
authors suggest that a greater concentration of penicillin 
would have been an advantage. 

Propamidine ® (an 0 - 1 % cream) was used in the same way, 
but it was less effective and there was, fiuther, a danger of 
toxic absorption. Neither material had any effect on coli- 
form bacilli, B. proteus, or Ps, pyocyanea, in cases in which 
these organisms were present. 

^ [see BMB SSfor an account of this new drug,] 
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LOCAL THERAPY OF WAR WOUNDS; 1. With 
Penicillin 

by R. J. V. Pulvertaft, Lancet, 2, 341-346, IS {9 143 

The author, who is the Officer Commanding the Central 
Pathological Laboratory of the Middle East Forces, opens 
this paper by describing a simple suction apparatus which he 
considers almost essential for removing pus from septic 
wounds before applying antiseptic dressings. A glass nozzle 
connected with a suction bottle emptied by gravity was ap- 
plied to the wound, while simultaneously saline solution (the 
author suggests that O'l % electrolytic hypochlorite solution 
might have been better) was run over the wound by gravity 
through another nozzle connected to a glass reservoir. By 
this apparatus pockets could be thoroughly cleaned, and smell 
and soiled dressings could be greatly reduced. 

Penicillin, either the calcium or sodium salt, was appUed 
as a dry powder, a spray, or a wet dressing under paraffin 
gauze. Occasionally the powder caused transient pain. De- 
tailed reports are given of 15 treated cases, all of which had 
war wounds ^ith severe sepsis. The results were uniformly 
good. Within one or two days of beginning penicillin ap- 
plications, the appearance of the wounds improved and dis- 
charge stopped. Gram-positive bacteria largely disappeared, 
any that remained becoming intracellular. In a few days 
healthy granulations and epithelial growth were seen, at which 
stage cultures were often sterile. Sometimes gram-negative 
bacilli increased in numbers, but they did not produce signs 
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of inflammation. One patient with gas gangrene, who was 
delirious from toxa;mia, recovered without any other treat- 
ment. In another case a brain abscess was successfully 
treated by penicillin powder (calcium salt) applied at opera- 
tion and penicillin solution injected through a catheter for 
the next 3 days. 

In some in vitro experiments the author showed that the 
activity of penicillin was not reduced by /j-aminobenzoic 
acid*, by filtrates of Staph, aureus cultures, or by the filtrates 
of a culture in which Ps. pyocyanea had grown in the presence 
of penicillin. S. typhi, grown in the presence of penicillin, 
produced filamentous forms, showing that division was 
arrested ; such forms could not be subcultured and would 
presumably be readily ingested by phagocytes, 
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STREPTOCOCCAL MENINGITIS TREATED WITH 
PENICILLIN ; Measurement of Bacteriostatic Power of 
Blood and Cerebrospinal Fluid 
by A. Fleming, Lancet, 2, 434-438, 9/10/43 

This paper reports fully a case of which some notes were 
given by Florey & Florey (1943). Penicillin was administered 
intrathecally for the first time in man, in conjunction with 
intramuscular injections. The detailed observations made by 
the author established the value of intrathecal injection and 
led to the treatment of subsequent cases of meningitis by 
intrathecal injection alone. 

The patient was a man of 52 who had been febrile for 
7 weeks and had had signs of meningitis for 3 weeks. There 
had been an early response to sulphapyridine, but afterwards 
sulphathiazole was without effect. About 6 colonies per 
cm.® of a non-hsemolytic streptococcus were isolated from the 
cerebrospinal fluid 6 and 2 days before penicillin treatment 
was begun, by the use of “ sloppy ” glucose agar cultures 
(0-2% agar), after ordinary culture methods had failed. 



Fig. Vn— Testing the bacteriostatic power of a 
patient’s serum by the slide-cell technique. The 
upper picture shows growth of staphyloccci 
from an inoculum of a 24-hour broth culture 
(2-5 mm.® of a 1:80,000 dilution) in a slide-cell, 
using the patient’s serum before treatment as the 
culture fluid. In the lower picture, the patient’s 
serum after penicillin treatment has been used, 
and the absence of staphylococcal colonies in- 
dicates that it has acquired strongly bacteriostatic 
properties. Photograph reproduced from the Lancet. 

The patient’s serum specifically agglutinated this organism, 
which was shown in vitro to be insensitive to sulphathiazole 
and sensitive to penicillin, though less so than a sensitive 
strain of Staph, aureus. 

When penicillin treatment was started the patient appeared 
to be moribund. Some improvement occurred on 2-hourly 
intramuscular injections (usually 10,000 Oxford units), and j 
further improvement when intrathecal injections (usually 
5,000 units) were given once daily in addition. On one | 

occasion the penicillin was dissolved in the patient's serum j 

for injection, with the object of providing opsomns. Treat- j 
ment was continued for 14 days, after which the patient's , 
condition was excellent. Recovery was complete. j 

By in vitro tests the author was able to show that during j 
intramuscular therapy the cerebrospinal fluid had only half j 


the bacteriostatic power of the blood serum, but that intra- 
thecal injections greatly raised its titre. At the best, 24 hours 
after an intrathecal injection, the cerebrospinal fluid inhibited 
Staph, aureus at 1:160 and the patient’s streptococcus at 
1 : 40, compared with 1 : 2 and 1:1 for the serum 2 hours 
after an intramuscular injection. The cerebrospinal fluid 
was coloured yellow by the penicillin. 

The bacteriostatic power of the serum was tested by micro- 
methods based on the fact that staphylococci and strepto- 
cocci will grow as well-defined colonies in human serum, 
either whole or diluted with saline up to 1 : 100 or more. 

i. Slide-cell cultures. On a waxed slide were placed 
50 mm.’ volumes of the diluting fluid (normal serum diluted, 
e.g. 1:10 with saline) ; 2:3 or 1 : 2 serial dilutions of the 
serum to be tested were made on the slide, 2-5 mm.’ of a 
diluted culture of staphylococcus or streptococcus was 
added, and the resulting fluids were run into slide-cells and 
sealed and incubated. 

The bacterial cultures used in this test were so diluted as to 
produce between 15 and 50 colom'es from the 2‘5 mm.’ used. 

ii. Capillary tube cultures. Twenty-five mm.’ of the 
patient’s serum (whole or diluted) mixed with 2-5 mm.’ of 
culture diluted as above, was run into a capillary tube, 
which ^vas then sealed and Incubated. 

iii. Use of hmmolysis as indicator. Defibrinated human 
blood, freed of leucocytes, was added in equal volume to 
serial dilutions of the patient’s serum in saline (25 mm.’ 
volumes). A loopful of culture of a ha:molytic strepto- 
coccus was added to each preparation and the fluids were run 
into slide-cells (when testing bacteriostasis due to sulphon- 
amides the culture had to be considerably diluted, but this 
was not necessary with penicillin). After incubation htemo- 
lysis was easily seen wherever the streptococci grew. 

Reference 

^Horey, M. E., & Florey, H. W. (1943) Lancet, 1, 387 
1 [see BMB 233] 
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PENICILLIN IN WAR WOUNDS : A Report from the 

Mediterranean 

[unsigned] Lancet, 2, 742 

THE TREATMENT OF WAR WOUNDS WITH 
■ PENICILLIN 

by L. P. Garrod, British Medical Journal, 2, 755-756, 1 1/12/43 
These are reviews of “ A preliminary report to the War 
Oflice and the Medical Research Council on investigations 
concerning the use of penicillin in war wounds. Carried out 
under the direction of Professor H. W. Florey and Brigadier 
Hugh_Caims.” This memorandum, published by the War 
Office in London, has a limited circulation and is not generally 
available. 

Work in England and America had established that among 
the organisms most sensitive to penicillin were three of those 
most damaging in war wounds — Streptococcus pyogenes, 
staphylococci and the Clostridia. It had further amply estab- 
lished that infections by the pyogenic cocci, however severe, 
could usually be controlled by penicillin. When penicillin 
was taken to the Mediterranean theatre of war, therefore, 
the object was not to establish its eflectiveness, but to ascer- 
tain the best and most economical methods of use to prevent 
sepsis in battle casualties. The principles of use were those 
already established in the laboratory and clinic. As supplies 
of the drug were extremely limited, attention was al\\ays 
directed to using the smallest amount. In this series, there- 
fore, parenteral injection was reserved for those in whom 
local application could not be expected to reach all infected 
areas, although with plentiful supplies many more patients 
would probably be treated parenteraUy. 

The techruque of local application was studied fully. It 
was not found possible to compare the results with those 
obtained by current methods of treatment, but it appeared 
that in ,the ordinary way large numbers of the more serious 
war woimds became infected. The effectiveness of the 
sulphonamides, which were widely used for battle casualties, 
was still neither established nor disproved. 

Chronic sepsis. The first patients treated had septic 
wounds from 3 weeks to 4 months old, none of which had 


responded to sulphonamides. Considerable success was 
obtained in soft tissue wounds by local application of peni- 
cillin ; bacteria disappeared and the wounds became clean. 
Compound fractures were beyond the effective reach of local 
applications, but some recovered on parenteral administra- 
tion. In others, the extensive suppuration was maintained 
by insensitive organisms after those sensitive to peniciUin 
had been eliminated. It was felt that to treat sepsis at this 
stage was wasteful of penicillin and of man-power, both 
mihtaiy and medical, and the next series was treated at the 
Forward Base Hospital. 

Recent soft tissue wounds. Current army practice was to 
excise the wound at the Casualty Clearing Station and leave 
it open. At the Forward Ba^e Hospital some of the cleanest 
wounds were then sutured, but many were allowed to heal 
by granulation, followed later in some cases by delayed suture 
or grafting. Nearly all such wounds contained pathogenic 
organisms, and many became septic. The technique for 
using penicillin in soft tissue wounds at the Fonvard Base 
Hospital was as follows. After conservative excision, the 
skin in particular being as far as possible preserved, the skin 
was undercut to mobihse the edges. The wound was closed 
by deep skin sutures, occasionally with muscle sutures in 
addition. From 1 to 5 fine rubber tubes were inserted 
through stab holes or through the incision, reaching to the 
base of the wound and protruding through the dressings at 
the free end. Three cm.’ of a 250 unit per cm.’ penicillin 
solution were injected immediately through a syringe attached 
to each tube, and thereafter 12-hourly for 4 or 5 days. Many 
wounds were healed in 10 to 12 days, and by 3 weeks complete 
healing had taken place in 104 out of 171 cases and incomplete 
healing Q.e. with a small area of granulation in some part of 
the wound) in 60 more. Only 7 were classified as failures. 
Pus due to Ps. pyocyanea, B. proteus or coliform organisms 
was often formed, but it caused no inflammatory reaction 
and did not delay healing unless there was a dead space in 
which it could accumulate. 

Even the largest wounds healed completely when treated 
in this way. There was general agreement that healing was 
complete in about half the customary time, and that scar 
formation and permanent disability were very greatly reduced. 
It is emphasised that under no circumstances should a wound 
be sewn up in this way in the fonvard areas, but only in a 
hospital where the patient can remain. 

In another series of patients penicittin-sulphonamide 
powder, 5,000 units per gram, was insufflated at the Casualty 
Gearing Station, and suture with tubes, or powder insuffla- 
tion, was carried out at the Fonvard Base Hospital. About 
half the wounds were sterile when received at the Fonvard 
Base Hospital ; the final result as regards healing was similar 
to that of the first group. 

Compound fractures. These were too extensive for local 
treatment, and were treated by parenteral administration 
after suture of the wounds. About 100,000 units of peni- 
cillin were given daily for the first 3 days and 50,000 for 
2 days more. On this dosage the less serious fractures did 
well, but some failures were recorded, particularly in frac- 
tured femur. Out of 31 patients, complete skin rtnion 
occurred in 1 6, partial union in 1 0, and failure in 5. It seemed 
clear that with a larger dose better results might be achieved, 
and a’ total of 700,000-1,000,000 units in 5-10 days for femur 
and tibia, and of 500,000 units for other fractures, was 
recommended for future use. Preliminaiy treatment with 
penicillin powder at the Casualty Gearing Station was an 
asset in achieving a good result, and it was recommended 
that penicillin in the fonvard areas should be resened for 
compoimd fractiues. 

Gas gangrene. Seven patients were treated parenteraUy 
and 4 recovered. In 2 who died the infection had been 
arrested and death was caused by toxaemia. It was concluded 
that penicillin should not obscure the necessity for excision 
of aU dead muscle and for giving massive doses of anti-gas- 
gangrene serum. Its greatest use for gas gangrene would 
probably be as a prophylactic. 

Head wounds. As the results of current methods of treating 
fresh head wounds were very good, penicillin was reserved 
for penetrating wounds more than 3 days old. Of 23 wounds 
from 3 to 12 days old, almost all were infected with giM- 
positive pyogenic organisms and about half were suppurating. 
The principle of closure with tubes was employed. Twenty- 
cases healed satisfactorily and three died. In one of these 
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the infection had been controlled, in another only coliform 
organisms were present at autopsy, and the third, with an 
8-day old brain wound containing pneumococcal abscesses, 
received too little penicillin. 

Other groups of cases. A few cases of spinal cord injury 
and of burns infected by sulphonamide-resistant streptococci 
were treated with good results. 

Ten cases of gonorrhoea, 9 of them sulphonamide-resistant, 
were treated with an arbitrary dose of 12 injections in 48 hours, 
totalling 180,000 units. Immediate cessation of discharge, 
“ like turning off a tap,” was invariable. There was no relapse 
during the time of observation (2 to 4 weeks). 
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INFECTED BURNS AND SURFACE WOUNDS : The 
Value of Penicillin 

by D. C. Bodenham, Lancet, 2, 725-728, 11/12/43 

The author, who is officer in charge of a Royal Air Force 
Bums Unit, briefly discusses the infective processes liable to 
complicate bums and the principles of first aid and hospital 
treatment. Of 150 major bums a large number were in- 
fected with streptococci and nearly all with staphylococci. 
Streptococci on the surface of a bum, unless sulphonamide- 
resistant, could be reduced in numbers, though rarely abol- 
ished, by sulphonamides. Staphylococci were hardly affected 
by any sulphonamide except sulphathiazole, and in com- 
parison with penicillin the action of this dmg was slight. 
pyocyanea and Bacillus proteus, which are resistant 
e sulphonamides and penicillin, were found as secondary 
iers of many infected bums. The pus they produced 
itimes interfered mechanically with skin grafts, but they 
Jot delay epithelialisation. 


Seventy-five bums of a duration of 7 to 180 days were 
treated with penicillin.. AH but 6 had previously received 
sulphonamide treatment. Penicillin eliminated staphylococci 
and streptococci in all but 3 patients, one of whom was later 
found to have a, sequestmm. The failures were all in the 
group which was treated 48-hourly. In the larger group 
treated every 24 hours there were no failures. The swab was 
negative on ffie second day in about one-quarter of the infec- 
tions and within a week in five-sixths. 

The author recommends two preparations of penicillin for 
general use : 

i. Powder. Sulphanilamide was used as a vehicle. The 
sulphanilamide, mixed with 5 % by weight of light magnesium 
oxide to prevent caking, was autoclaved at l:j- atmospheres 
for 20 minutes, and when cold was shaken with penicillin 
powder to a final strength of 1,000 units of penicillin per 
gram. This was applied as a “ frosting ” to give a con- 
centration of 4 units per cm.'* of bum surface. 

ii. Cream. Equal parts of soft paraffin, lanette wax SX 
and water were mixed at 60° C. and autoclaved in half-filled 
jars with the cap on at If atmospheres for 30 minutes. 
During cooling the cream was shaken several times. When 
cool, an aqueous solution of penicillin containing 500 units 
per cm.® was stirred in, to make a final strength of 100 units 
per gram. This also was applied to the burn so as to give 
a concentration of 4 units per cm.® [A similar cream con- 
sisting of 30 % lanette wax in water has been found satis- 
factory in a warm climate.] 

The cream was applied eveiy 24 hours, or every 48 hours 
if the surface was relatively dry. The powder was used 
every 24 hours if a dry application was especially desirable, 
but it disappeared from the bum surface more quickly than 
the cream and appeared therefore to be somewhat less 
effective. 


APPENDIX 


ims OXFORD UNIT 

The potency of penicillin preparations can at present be 
measured only by biological assay. Assay is carried out 
in vitro against a culture of a sensitive organism. As bio- 
logical methods are subject to many variables it is necessary 
that each assay should be a comparative measurement 
against a standard of known potency. Early in the work at 
Oxford, for the convenience of workers inside the laboratory, 
a purely arbitrary penicillin standard was adopted by which 
the imit was defined as that amount of penicillin contained 
in 1 cm.® of a certain buffer solution. 

Dry preparations of partially purified penicillin have since 
been standardised against the original solution, and the 
“ Oxford unit ” (which has also been described as the “ Florey 
unit”) has been adopted as the standard of measurement 
by most 'workers in Britain, the U.S.A. and Canada. 
The potency of the unit is such that 0-01-0 -02 of a unit 
per cm.® inhibits the growth of M sensitive strains of the 
staphylococcus. 
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THE SLIDE-CELL TECHNIQUE 

This technique was described by Sir Almroth Wright for 
measuring the bacteriostatic power of blood and semm. It 
depends on the fact that certain bacteria, particularly staphy- 
lococci, when planted in blood or serum in suitable numbers, 
will grow out as discrete colonies which can be counted 
under the low power of the microscope. In the original test 
(Colebrook, Storer & Wright, 1923) five narrow strips of 
paper about 0-1 mm. thick, which have been dipped in hot 
vaseline are laid across a sterile microscope slide and another 
sterile sfide is placed on top. This forms four chambers of a 
depth of about 0-1 mm. and a capacity of about 50 mm.® 
The samples of blood or serum, mixed with suitable dilutions 
of culture are run into the chambers and the ends are sealed 
with wax After incubation the colonies arc counted. 
Fleming has made much use of this technique m testmg the 


effects of antiseptics on bacteria and leucocytes. An example 
of its use in assessing the bacteriostatic power of the blood 
of patients undergoing penicillin treatment is given else- 
where.^ It should be noted that serum, not whole blood, 
should be used in testing for antibacterial power due to peni- 
cillin as the erythrocytes take up less than 10 % of the peni- 
cillin in the blood (Rammelkamp & Keefer, 1943b)® and 
leucocytes, if present, would destroy some of the bacteria. 

The modified test mentioned by Florey & Florey (1943)® 
was designed to detect bacteriostasis in a single drop of the 
patient’s serum. A measured drop (5-10 mm.®) is placed 
directly on one end of a sterile slide, which already bears a 
row of drops of the same volume of normal serum. Serial 
dilutions are made, the last drop of normal serum being left 
as a control. A small coverslip is put on to each drop and 
the edge is sealed with wax. After incubation the colonies 
are counted and the number is compared with that in the 
control. Where there is a fully bacteriostatic concentration 
of penicillin, no colonies develop. 

^ [yee BMB 236] ® [see BMB 242] ® [see BMB 233] 
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COMMUNICATIONS ON PENICILLIN PUBLISHED IN 
BRITAIN BUT NOT REVIEWED IN THIS NUMBER 

[Editorials and papers on other subjects in which penicillin is 
briefly mentioned have been omitted.] 

I. Work more fully reported in Other Papers reviewed Else- 
where in this Number as indicated in Square Brackets 
Abraham, E. P., Baker, W., Chain, E., Florey, H. W., 
Holiday, E. R. & Robinson, R. (1942) Nitrogenous 
character of penicillin. Nature, 149, 356 [see BMB 230] 
Abraham, E. P. & Chain, E. (1942) Purification of penicillin. 

Nature, 149, 328 [see BMB 227] 

Challinor, S. W. (1942) Production of penicillin. Nature, 
150', 688 [see BMB 223] ■ 

Fleming, A. (1942) A simple method of using penicillin, 

■ tellurite, and gentian violet for differential culture. Brit, 
med. J. 1, 547 [see BMB 200] 
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Robson, J. M. & Scott, G. I. (1942) Effect of certain chemo- 
therapeutic agents on experimental eye lesions produced 
by Staphylococcus aureus. Nature, 149, 581 [see BMB 218, 
219] 

n. Correspondence in the Medical Press 
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COMMUNICATIONS ON PENICILLIN PUBLISHED 
IN OTHER COUNTRIES 

Nearly all these references are to papers published in the U.SM. 
As a result of the kind co-operation of Dr. Joseph iV. Ferrebee 
and Dr. Hamilton Southworth, representatives in London of the 
U.S. Committee of Medical Research, a list of U.S. papers on 
penicillin, provided by the American Medical Association, was 
received shortly before this number went to press. This 
included some titles which could not otherwise have been incor- 
porated. Review articles have not been listed, except when 
in a language other than English. The present disturbance of 
communications has made it impossible to ensure that this list 
is complete in respect of all countries ; it is possible that some 
papers published elsewhere than in the U.S.A. may have been 
omitted. The Editor would be grateful for information on any 
significant omissions. 
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This Number is devoted to a survey of recent investigations on 
pulmonary disease and its treatment or prevention by medical, 
surgical and social measures. 

Dr. P. D'Arcy Hart, who contributes the first article, has 
been a member of the scientific staff of the Medical Research 
Council since 1937, and was previously Assistant Physician to 
University College. Hospital. He was in charge of the medical 
part of the Council's investigation into chronic pulmonary 
disease in South Wales coalminers from 1937 to 1941, and is 
Secretary of its Committee on Tuberculosis in Wartime. The 
Report oj this Committee is discussed in his article. During 
the past year he has been medical director in a team carrying 
out a mass radiography survey for the Council in selected 
population groups. 

Dr. Hart has also been responsible .for, or collaborated in, 
work on the value of tuberculin tests in man ; on tuberculosis 
and social conditions ; on tuberculosis in medical students ; 
and on the pigments formed by streptococci. He gave the 
Milroy Lectures, Royal College of Physicians, in 1937, on 
“ Prevention of Pulmonary Tuberculosis among Adults in 
England in the Past and in the Future." 

Mr. R. C. Brock, who contributes an article on thoracic 
surgery, received his eaily training in this subject at Barnes 
Hospital, St. Louis, U.S.A., in 1930-31 as Fellow in Surgery 
and Assistant Surgeon to Professor Evarts A. Graham {to 
whom the Royal College of Surgeons of England has recently 
awarded an honorary Fellowship). In 1931 he was also 
attached to the Chevalier Jackson bronchoscopic clinic at 
Jefferson Hospital, Philadelphia, as clinical assistant to 
Dr. Louis H. Clerf. In 1934 he was appointed consulting 


thoracic surgeon to the London County Council group of 
hospitals. He was appointed .Assistant Surgeon to Guy's 
Hospital {where he is now Surgeon) and to the Brampton 
Hospital in 1 936. The Prompt on Hospital has been responsible 
for much pioneer work in thoracic surgery and is recognised 
as one of the leading chest surgery centres in the world. Its 
four surgeons perform over 1,000 chest operations there each 
year. 

Mr. Brock is at present also one of a team at a special 
surgical chest unit in a large Emergency Medical Service 
Hospii-il which deals with wounded military and civilian 
patients, and certain classes of ordinary military and civilian 
surgical chest cases. 

Dr. A. F. Foster-Carter, who contributes summaries in text 
and diagram, according to the most recent observations, of the 
anatomy of the bronchial tree and pulmonary segments, has 
been Resident Medical Officer at the Brampton Hospital since 
1938. During the past 5 years he has been carrying out in- 
vestigations on the anatomy of the lungs, and he has also 
published original observations on bronchial adenoma. 

This Number contains two new sections, which will appear 
legularly in future. The first — “ Books, Memoranda, Re- 
ports " — consists of short notes on medical publications not 
classified as periodicals. The second — “ Guide to the Journals" 
— lists titles and authors of papers on clinical medicine and the 
medical sciences published in the United Kingdom. Many of 
the papers listed will subsequently be reviewed in the Bulletin. 

It is hoped that these two new sections will serve to give 
the Bulletin a comprehensive character which it previously 
lacked. 
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MEDICAL AND SOCIAL ASPECTS OF PULMONARY DISEASE 


P. M. D’ARCY HART, .M.D., F.R.C.P. 
Scientific Staff, Medical Research Council 


•owing interest in the social aspects of medicine, which 
lem in Great Britain, has been reflected in some in- 
piiblislied since the war, upon pulmonary disease, 
nent among these, and one which owes its origin to the 
t conflict, is the Report of the Committee on Tuber- 
culosis in Wartime {Medical Research Council, 1942a). 
The other major inquiry into the medical aspects of pul- 
monary diseases, published in Britain during the war. was 
begun several \ears before. This was a large-scale investiga- 
tion by a team under the Committee on Industrial Pulmonary 
Disease of the Medical Research Council, on the problem of 
lung disease due to dust in the South Wales coal mines. 


suficred it is most likely, according to the Committee, to have 
been adults, who were probably inadequately supplied with 
milk during 1940-1941. Young adults, e.specially young 
women, constitute a group particularly susceptible to en- 
vironmental factors, so far as tuberculosis is concerned (Hart 
& Wright, 1939). In accordance with this analysis of social 
factors, the Committee recommends as of first importance 
“ that continued watchfulness should be maintained upon 
the working conditions of young employees, particularly in 
regard to hours of work, transport difficulties, rest periods, 
factory canteens and hostel arrangements, and their relation 
to sickness absence.” 


The Problem of Tuberculosis 

The Committee on Tuberculosis in Wartime was set up by 
the Medical Research Council at the request of the Ministry 
of Health in order to inquire into the causes of the increase 
in tuberculosis, and to advibc on remedies. It may be noted 
that in England and Wales the total tuberculosis deaths in 
1941 c.xceeded the average of the years 1938 and 1939 by 
3,000 (12 %). and that in Scotland the excess was 700 (20 %). 


Findings and General Recommendations 
The Report of the Committee emphasises as of primary 
importance the social background of tuberculosis, and the 
part probably played by the very complex, and in some 
respects radical, wartime alterations in national life in the 
rising tuberculosis mortality between 1939 and 1941. Some 
of these changes increased the risks of infection and others 
decreased the resisting power of the individual. Among 
them may be mentioned the black-out; overcrowding in 
homes due to destruction by bombing ; movements of popu- 
lation due to evacuation; industrialisation of groups of 
nersons not previously engaged in factory work ; diminished 
resistance due to fatigue from long hours of work and 
travelling ; and, in certain categories of persons, possible 
inadequate rations. 

<?nme of these social factors operated in the last war 
(Gr^nwood & Tebb, 1919; Faber, 1938), but the present 
planned food policy has probably made nutritional deficiency 
a less serious factor, particularly m children. If anyone has 


Special Recommendations 

The Committee’s special recommendations, most of which 
have also strong social implications, fall under three main 
headings : 

i. Mass radiography. Routine mass radiography is recom- 
mended with the double purpose {a) of detecting cases of 
tuberculosis in an earlier stage than has hitherto been 
achieved through the ordinai-y patient-doctor relationship, 
and placing them under treatment, and {b) of discovering 
unsuspected human sources of infection and removing them 
to safer surroundings for the benefit of the community as 
well as of themselves. The Committee advocates the use of 
the miniature method on which Abreu of Brazil did the 
pioneer work (Abreu, 1936, 1938, 1939), and which was 
further developed in various countries (Barros Barreto, 1937 ; 
Mazzei, 1937 ; Paula, 1938 ; Holfelder & Berner, 1938 ; 
Fournie & Frezouls, 1939 ; Berner, 1939 ; Ronneaux, 1939; 
Clark, Cordiner & Ellmann, 1941 ; Clark, Poulsson & Gage, 
1941 ; Stanford, 1941 ; Stanford & Clark, 1942).^ This 
method has proved successful during the present war in the 
Royal Navy (Dudley, 1941 ; Fitzpatrick, 1941 ; Brooks, 
1943), in the Royal Air Force (Trail, 1942a, 1942b ; Trenchard, 
1943; Evans, 1943; Clive, 1943) and in the Australian 
Imperial Force (Cooper, 1940 ; Galbraith, 1941 ; White, 
1941). 

^ {For fuller literature up to the war, see Bentley & Leitner, 
1940.] 
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The Committee suggests that during the war priority should 
be given to groups in wliich young adults, particularly young 
women, are prominent, c.g. employees of war factories, 
nurses and medical students, merchant seamen. It is indi- 
cated that although the “ diagnostic sweep ” of a single mass 
radiography survey of a particular group will be useful, 
regular repetitions of such a procedure should in peace time 
be regarded as the best means of controlling tlic disease 
(Reid, 1940, 1941 ; Sawyer, 1940. 

ii. Financial previsions. In Great Britain persons insured 
under National Health Insurance receive, when sick, a 
small weekly pajanent to help them during short periods of 
illness. This insurance was never intended to provide for 
the full support of sufferers from long-term illness requiring 
prolonged treatment, such as tuberculosis. Such persons, 
the Committee points out. often reach a very’ difficult economic 
position just when their needs are greatest ; the result is too 
often a premature return to work, with consequent danger of 
relapse and of spre.ad of the disease to others. The Com- 
mittee recognises the very great importance of maintaining 
the standard of living of the tuberculous patient, both from 
the standpoint of helping in the conquest of his disease, and 
from that of enabling his family contacts to maintain their 
resistance, so reducing the chances of development of the 
disease among them. The Committee also realises that 
organisers of mass radiography will encounter the difficulty 
of persuading persons with tuberculosis, who may feel fairly 
well, to leave their work for treatment, because of the financial 
difficulties involved. To meet the special characteristics of 
tuberculosis the Committee recommends that a special money 
allowance be made for a definite period, e.g. one year at least, 
to all persons leaving work because of this disease, the amount 
to depend upon the needs of the patient and his family. This 
financial scheme, it is suggested, might be linked with a fund 
for proriding payments to supplement, to their full amount, 
the wages of those returning to their employment on a part- 
time basis (see below). 

iii. Rehabilitation. The tuberculous person, after he has 
reached convalescence (or, if a chronic case, the limit of 
benefit from treatment), is usually left to his own resources. 
He may fail to obtain work within his capacity and so be lost 
as a useful citizen ; or he may plunge straight into full-time 
work, possibly of an unsuitable nature, and relapse. The 
Committee regards rehabilitation as an essential part of the 
treatment of tuberculosis, and suggests that arrangements 
should be made for the gradual return to industry of such 
persons on a basis of part-time or modified work. In con- 
sidering the practicability of various kinds of re-employment, 
experience of different countries in this problem is drawn 
upon, e.g. that of Great Britain in Village Settlements, such 
as Papworth and Preston Hall, that of the U.S.A. in Muni- 
cipal Work-Shop Schemes (Joint Tuberculosis Council, 1942), 
and that of the U.S.S.R. in methods of employment in normal 
industry (Vredenskaya, 1938, 1940 ; Gaft & Kalinin, 1940 ; 
Torkanovsky, 1940; Berenson, 1941; British Medical 
Journal, 1943). For the convalescent case in which cure is 
expected, it is suggested that a period of part-time ordinary 
work prior to resumption of full work will be adequate. On 
the other hand, in the chronic and perhaps infective cases, 
modifications or radical alterations in work may be required 
over long periods, and various types of collective arrange- 
ments to this end are outlined in some detail. Whether the 
work during rehabilitation be part-time or modified, or both, 
a financial supplement to wages is recommended in order that 
an adequate standard of living can be maintained by the 
patient and his family. 

In scope and character this report goes far beyond pro- 
posals to deal with a wartime emergency. Indeed it repre- 
sents an effort to obtain re-orientation of the attitude in 
Britain to the whole tuberculosis problem. This is to be 
achieved by a close integration of the social with the scientific 
medical approach. 

Practical Measures 

The Ministry of Health has responded by promptly im- 
plemertting some of the main recommendations of the report. 
Thus, in December, 1942, the Minister announced (Circular 
2741) that transportable miniature radiography sets, in 
accordance with a specification approved by the Committee’s 
experts, would be made available for the use of a limited 
number of local authorities, the limits being set by the 
restrictions of war conditions on production and staffing. 


These sets have been produced during 1943 and, at the time 
of writing, about half a dozen large local authorities have 
received them and at least 3 have commenced operations. 
A team under the Medical Research Council has meantime 
been carrying out field trials with one of the sets, and has 
surveyed employees of two large factories, the staff of a 
number of Government Departments, and the staff and 
patients of a large mental hospital ; the results will be 
published shortly. 

In April, 1943, the Ministry of Health issued a Memo- 
randum (266/T) setting out a scheme for financial allowances 
for certain categories of persons leaving work to undergo 
treatment for tuberculosis. This scheme is now in general 
operation by local authorities, whose expenditure will be 
reimbursed by the State. It is expected that this scheme wall 
be incorporated into any future scheme of social security of 
a general nature. Unfortunately it has not been possible 
to include any but pulmonao' cases with good prospects of 
cure ; non-pulmonary cases and the very large number of 
chronic pulmonary cases are excluded. Furthermore, the 
majority of wives in employment are excluded, whatever the 
type of their disease. An interesting feature of the scheme 
is that persons granted the financial allow’ances can continue 
to rccci\'c these, though on a reduced basis, if they have a 
period of part-time employment after treatment. 

Allowances during part-time employment wall probably 
prove to be one factor in promoting satisfactory restoration 
,/K>f the tuberculous to work. In addition, some at least of 
' "the recommendations of the Committee regarding more 
definitive arrangements for providing suitable work in normal 
industry or in special industries, with or without previous 
vocational training, arc expected to find their implementauon 
in the Disabled Persons (Employment) Bill now passing 
through Parliament. 

In conclusion it may be stated that in 1942 there w.as a 
check in the wartime increase of tuberculosis mortalit> in 
Great Britain, though the number of new cases showed a 
further slight increase. The official view is wisely one of 
continued watchfulness and of warning against complacency, 
for in the last war a similar pause was followed by a resump- 
tion in the increase of tuberculosis deaths. The new develop- 
ments discussed above should be of service in offsetting any 
tendency to deterioration, as well as in the long-term attack 
on this disease. 


Industrial Pulmonary Disease 
Reference was made in the opening paragraphs of this 
article to a comprehensive long-term investigation by a team 
appointed by the Committee on Industrial Pulmonary Disease 
of the Medical Research Council. The situation calling for 
such an investigation may briefly be summarised as follows : 
The number of miners certified as having silicosis for com- 
pensation purposes had been increasing yearly in South 
Wales relative to the whole country, and this increase was 
most marked in the anthracite area in the West ; thus for 
the period 1931-37 the average annual number of new cases 
of certified silicosis per 1,000 underground workers was 5 -23 
in anthracite and 0*99 in non-anthracite mines in South 
Wales, as compared with 0’06 in coal mines in Grea.t Britain 
excluding South Wales. Furthermore, it was believed by 
local doctors, as well as by the miners themselves, that other 
disabling conditions were being caused by dust besides that 
which was recognised as “ silicosis for compensation 
purposes. 


Scope of the Investigation 

The Medical Research Council inquiry was medical in- 
cluding post-mortem studies, and enWronmental {Medical 
Research Council, 1942b. 1943). The medical inquiry- was 
based upon a detailed examination of the men working at 
one colliery and on the more restricted examination of a 
selection of those in 15 other mines in South NNales, as well 
as a number of loaders of coal at 4 coal-shippmg ports ; a 
detailed study of 42 selected necropsy cas^ constituted thv. 
pathological part of this inquio’- The environmental surv ey 
dealt with the examination of the concentration, par iJc-siz. 
and chemical nature of the air-bome dust } 

collier at the coal face, the ° 

the strata from which the dust was denved, the tcm,....turc 
and humidity of the air.and the concentration o. nitrous fum^ 
derived from e.xplosives ; the mines studi-d e-i- - 
from those which formed the basis of the medical inquio- 
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Summary of Medical Findings 

The more important additions to knowledge resulting from 
the medical studies may be summarised ; 

i. Description and classification of pulmonary changes. A 
full description of the various pulmonary changes found is 
given, illustrated by photographs, and x-ray and pathological 
classifications are suggested. Tribute is paid to earlier 
classifications of coal miner’s lung disease in Great Britain 
(e.g. Amor & Evans, 1934; Cummins, 1936; Cummins & 
Sladden, 1930), U.S.A. {e.g. Pancoast & Pendergrass, 1926; 
Bloomfield et al, 1935), U.S.S.R. (Moshkovsky, 1941), 
Sweden (Edling, 1926) and other countries. 

ii. Topographical distribution of pulmonary abnormality. 
The pulmonary abnormality encountered amongst South 
Wales coal miners is not restricted to the anthracite area, 
but can be found in the whole of this coal field. Its incidence 
and severity are greatest, however, among colliers who have 
worked for long periods at the coal face in the anthracite 
mines. Indeed, as indicated by recent coal mining compensa- 
tion statistics, the main problem numerically in Wales is 
presented by the colliers, whereas in England the “ hard- 
heading ” workers Q.e. men who bore in rock) have been the 
main source of pulmonary trouble. This is not to say, of 
course, that such workers in South Wales coal mines escape, 
but there is not the same striking excess in the incidence over 
that in England. 

iii. Relationship between pulmonary abnormality affUl 
quality of coal. A relationship is established between the 
incidence of pulmonary abnormality among the colliers, as 
judged by x-ray evidence, and the “ rank ” of the coal mined 
at the different collieries, though within the anthracite area 
there are also distinct local variations in incidence. The 
rank of coal in the South Wales coal field changes gradually 
from north-west, where the highest rank of anthracite is 
found, through the centre, where is the famous Welsh steam 
coal, to the south-east, where bituminous coal of the lowest 
rank in this field is situated. The incidence of pulmonary 
abnormalities among the colliers changes, broadly speaking, 
from high in the anthracite to low in the bituminous area, 
with a fairly gradual decrease between these two extremes. 
The presence of a low-incidence minority among the anthracite 
mines themselves appears to be associated with the presence 
of certain mines whose workings are relatively damp and 
shallow. 

iv. “ Dust-reticulation." The types of pulmonary ab- 
normality in South Wales coal miners include a form of 
disabling pulmonary disease, due to dust inhalation, which 
does not come within the accepted definition of “ silicosis ” 
as used for the purposes of the Workmen’s Compensation 
schemes. This condition is here named “ dust-reticulation,” 
partly because the x-ray appearance is that of a network 
without nodules, and partly because its pathological basis is 
a reticular-tissue response (the two-fold relevance of the term 
reticulation being of course a coincidence). Reticulation 
probably represents the first of a series of pathological changes 
which may culminate in the gross fibrosis found so often at 
autopsy, the latter corresponding to nodular and conglo- 
merate shadows on the radiograph. The incidence of dis- 
ability in men showing reticulation alone tends to be less than 
in those with the more advanced pulmonary abnormalities ; 
it falls mainly on men in the second half of life. 

V. Differences in dust-induced pulmonary disease. Both 
dust-reticulation, and the more developed nodular and con- 
glomerate radiographic changes also seen typically in colliers, 
differ in several important respects from the pulmonary 
abnormality found characteristically in “ hard-heading ” 
workers (see ii. above), which corresponds closely to the 
silicosis occurring in persons exposed to high concentrations 
of quartz. 

vi. Pulmonary abnormality in dock workers. The pul- 
monary abnormality shown to occur in colliers is found also 
to some extent in coal “ trimmers ” Q.e. coal boat loaders) 
working at the docks in South Wales, and among these may 
also give rise to disability which may prove fatal. 

The report provides a full review of previous pubh'shed 
work on lung disease due to dust in coal workers. It is 
interesting to note that the excess of trouble in anthracite 
mines over bituminous mines is not confined to South Wales 
but has been reported in cotemporaneous investigations 
made both in the U.S.A. and U.S.S.R. 


Summary of Environmental Findings 

The principal findings of the environmental studies are as 
follows : 

i. Dust concentration and incidence of disease. The 
incidence of pulmonary A'-ray abnormalities among colliers 
at the different mines studied is positively correlated with the 
average concentration both of the coal and of the non-coal 
parts of the air-borne dust at the coal face, particularly as 
regards particles below 5 microns in size ; this evidence con- 
firms the generally accepted relation of the incidence of lung 
disease to the amount of dust inhaled. 

ii. Mineral analyses of dust and coal seams. Chemical and 
x-ray diffraction analyses of the mineral matter in the coal 
seam and of the air-borne dust at the coal face are remarkable 
for their close similarity when derived from mines working 
widely differing ranks of coal. While the quartz amount 
varies, there is no clear relationship of this figure to rank of 
coal or to incidence of lung disease. Certain suggestive 
differences are, however, noted which may yield to deeper 
investigation, particularly if directed to the nature of silicates 
other than quartz in the coal seam. 

iii. Petrological studies. Petrological examinations of the 
rock strata overlying the coal in different mines reveal a con- 
trast between the shales in the anthracite and bituminous coal 
areas. Owing to the effects of compaction and meta- 
morphism there are, in the anthracite area, an increase in the 
content of secondary quartz and mica, and a differentiation 
in the “ ground mass,” or ultimate cement substance, of the 
shale. Hydrated ferric oxide and alumina, both of which 
depress the solubility of silica, are less evident in the shales 
of the anthracite area than in those of the bituminous area. 
Whether directly or indirectly, the incidence of pneumo- 
koniosis appears to be associated with these geological 
changes brought about by pressure. 

Thus, while these environmental findings throw some light 
on the causes of variations in incidence of lung disease in 
different parts of the coal field, the striking relationship of the 
latter to the rank of the coals mined remains obscure and 
awaits further research. 

Recommendations 

From the practical standpoint the most important features 
of these inquiries lie in the recommendations of the Committee 
on Industrial Pulmonary Disease. 

i. Nomenclature. The Committee recommends that the 
comprehensive term “ pneumokoniosis of coal workers ” 
should be used in future to cover “ all the pulmonary con- 
ditions described as due to dust in workers engaged in any 
operation underground in coal mines, in screens workers at 
collieries and in coal trimmers at docks.” This nomenclature 
is now being generally adopted in Great Britain. 

ii. Extensions of eligibility for compensation. As dust- 
reticulation is clearly attributable to the industn'al hazard and 
leads to some degree of disability, it is recommended that 
the diagnostic criteria required for purposes of compensation 
should be widened in scope, so as to include not only the 
more fully developed lung changes — as has hitherto been the 
case — ^but those established by the medical survey as com- 
prising all the various stages of “ pneumokoniosis of coal 
workers.” The Workmen’s Compensation Act (1943) em- 
bodies this suggestion, and in the summer of 1943 compensa- 
tion began to be paid to miners with reticulation as well as 
to those with other forms of pneumokoniosis. Legislation 
to compensate coal trimmers, too (hitherto outside any 
scheme), may be expected in the near future. 

iii. Reduction of hazard. The Committee makes certain 
recommendations for reducing the hazard in coal mines, 
particularly anthracite. These include : {a) improvement of 
ventilation ; (fi) all processes involving working in stone at 
the coal face to be carried out when the colliers are away ; 
(c) shot-firing also to be carried out at a time when as few 
men as possible are present ; {d) systematic use of water for 
dust-suppression to be exploited as fully as possible. In- 
teresting developments can already be reported with regard to 
the last of these recommendations. Within recent months 
a method of infusing water into the coal face under pressure, 
before the coal is worked, has been introduced into certain 
mines in South Wales (Jenkins, 1943). The early results, 
which indicate a substantial reduction in the amount of dust 
produced, are promising, and further developments are 
eagerly awaited. 
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As with the tuberculosis report, the results of the pneu- 
mokoniosis inquiry should be felt for many years. We 
may hope that progress will be stimulated in a number of 
directions, e.g., in methods for the industrial rehabilita- 
tion and rc-empIoyment of men disabled by this intract- 
able disease, in improved diagnosis by periodic mass 
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THE PRESENT POSITION OF THORAaC SURGERY 


R. C. BROCK, M.S., F.R.C.S. 

Consultant Thoracic Surgeon, London County Council 
Surgeon, Guy's Hospital and Assistant Surgeon to the Brompton Hospital, London 


Before the war of 1914-18 very little thoracic surgery was 
being done except by a few bold pioneers, but the experience 
gained in the treatment of severe chest wounds ser\'ed as a 
great impetus for its development. The influenza epidemics 
of 1917 and 1918 also led to big advances in the treatment 
of empyema and of lung-suppuration. The last 10 years 
m particular have seen the surgery of the thorax both widely 
^epted and \videly practised, the most notable development 
being lung resection ; pneumonectomy and lobectomy to-day 
are standard procedures, whereas before 1930 they were 
operations of rarity and hazard. 

The surgery of the thorax is akin to neuro-surgery in the 
special training needed for its proper practice. It is not 
enough for a surgeon just to perform operations upon the 
chest as if he were a carpenter. He must possess a wide 
knowledge of the medicine and pathology of intrathoracic 
iseases as well as of the anatomy and physiologs' of the 
chest ; he must be an expert bronchoscopist, able to form 
IS own opinion on diagnosis and treatment, and must not 


be guided entirely by his physician colleague. At the same 
time, close co-operation with a physician is essential for good 
work, and in no other disease is this so important as in 
pulmonary tuberculosis. 

The medicine and surgery of any part of the body must 
rest, first of all, on a sound knowledge of anatomy. It is 
strange that until recently the anatomy of the bronchia tree 
has received but little attention, whereas a correct knowledge 
of the arrangement of the chief secondary bronchi is essential 
for a proper understanding of many lung diseases. 


g Abscess and the Segmental Anatomy of the Lungs 
n- abscess has traditionally been treated conser.-atively, 
he important part that surgeiy ^ ^ S 

Dies of this serious condition is being mcre-sm^b 
nised. A sound knowledge of the segmental anatomy 
: lungs is essential both for prescnbmg correct 

nnH for a correct and safe surgical approach for 



open drainage. It is not satisfactory, in ordering postural 
drainage, just to tip the patient by raising the foot of the bed ; 
as was pointed out by Nelson (1934), a different position is 
needed for a lesion of different broncho-pulmonary segments. 
For instance, a patient with an abscess of the apical part of 
the lower lobe should lie prone. 

Neuhof & Touroff (1936, 1942) have made important con- 
tributions in a consecutive series of articles in which, they 
stress the importance of early drainage of the acute foetid 
abscess. These two surgeons have shown that all lung 




Diagram of abscess of the apical part of the right lower 
lobe. In the postero-anterior view (a) the appear- 
ance is that of a so-called “ central ” or hilar abscess. 

The lateral view (6) shows the true localisation, an 
abscess presenting on the visceral pleura at the peri- 
phery of the affected broncho-pulmonary segment. 

abscesses approach the visceral pleura, the old conception 
of “ central ” and “ peripheral ” abscesses being false. This 
misconception has arisen from failure to use lateral radio- 
praphs, which are essential for the proper study of almost 
1 lesions of the lungs and are indispensable in lung abscess, 
iriy drainage of a lung abscess that is not showing prompt 
id steady response to conservative measures is associated 
ith a low mortality and quick healing, with little or no 
sidual damage to the lung. Delay for weeks, or even 
onths, is most undesirable, for when operation is at last 
sorted to, the mortality is higher and permanent damage 
I the lung may be inevitable. In such cases lobectomy or 
'en pneumonectomy may be needed. 

The setiology of lung abscess is important and closer study 
' cases has shown that the old conception of the abscess 
illowing “ pneumonia ” is not correct. It rarely if ever 
follows an acute specific pneumonia, but is usually caused by 
a non-specific pneumonitis following the inhalation of in- 
fected material from bad teeth or during anesthesia. This 
observation receives strong support from a correlation 
between the segmental anatomy of the lung, the sites most 
favoured by lung abscess, and demonstration that these 
sites are also those favoured by inhaled material in certain 
standard postures (Brock, Hodgkiss & Jones, 1942). 

Empyema : Importance of After-Treatment 
Empyema has long been considered the one chest disease 
which could be safely treated by the general surgeon. Al- 
though its widespread and common occurrence often neces- 
sitates treatment by the non-specialist, its management may 
leave much to be desired when it is not in the hands of a 
thoracic expert. It is fair to say that scarcely any other 
condition is treated so indifferently ; instead of healing 
rapidly with no permanent disability, large numbers of 
patients are chronic sufferers or subject to recurrences lasting 
many months or years, require several operations, and end 
with permanent disability and deformity. In the past the 
surgeon has been content to evacuate pus by drainage at 
some convenient site and to leave in the drainage tube for an 
empirically determined time such as 10-14 days. It is un- 
common to find any care expended on early mobilisation of 
the patient or on earnest instruction in breathing and postural 
exercises designed to encourage lung expansion and to pre- 
vent deformity. The thoracic expert, knows only too well, 
from bitter experience with the many chronic empyema- cases 
that come to him for treatment, that the greatest care and 
thought must be given to the correct placing of the drainage 
hole and to careful watching of the size, shape and extent of 
the healing pleural cavity. The tube, which may need 
frequent and patient readjustment, must be retained until 
the infected pleural space has been shown to be obliterated 
by complete fusion of the visceral and parietal pleuim ; too 


early removal of the drainage tube before the space has 
obliterated is the most frequent cause of chronic empyema 
(Brock, 1941). Allison (1943) has recently written a useful 
survey of the management of these cases. 

The recognition of the importance of breathing and 
postural exercises is one of the big advances made in the 
treatment of diseases of the chest in the last 1 0 years. Perhaps 
the most striking difference between the “ professional ” and 
“ amateur ” thoracic surgeon is the use the former makes of 
this invaluable aid in the pre- and post-operative care of his 
patients. Unfortunately a chronic empyema still implies 
thoracoplasty to many surgeons, but most patients can be 
spared this further mutilation if proper drainage is instituted 
and maintained while vigorous physical treatment is given. 
Premature resort to the old mutilating Estlander and Schede 
operations is to be deplored. Only too often these operations 
arc performed in cases in which the cause of the chronicity 
does not even lie in the pleura but in disease of the under- 
lying lung, such as bronchiectasis, cystic disease, or growth. 
It is most important that every chronic empyema case should 
be completely investigated for the true primary cause of 
chronicity before treatment is decided (Brock, 1936). 

Lobectomy and Pneumonectomy in Bronchiectasis 

Bronchiectasis is a foul and loathsome disease causing 
much misery, suffering and death, and its surgical treatment 
was difficult and dangerous until the work of Brunn (1929) 
and of Shenstone & Janes (1932) gave us safe one-stage 
lobectomy with the tourniquet technique. Very soon large 
numbers of patients received the benefits of this operation, 
and in 1939 Tudor Edwards was able to publish his ex- 
periences in a series of 199 patients treated by lobectomy or 
pneumonectomy, the operative mortality being 12 %. Among 
these cases were 38 children, aged 4-16, all of whom survived 
operation. Children tolerate lobectomy well and there can 
be no doubt that the disease is best treated in childhood if 
it is recognised then, for in addition to the low mortality from 
operation, the patient is spared the dangers and drawbacks 
of carrying his disease into adult life, often with stunting of 
stature and loss of much useful time from school or work. 
Churchill (1937) has also published a striking series of 49 cases 
in which the mortality was 6-1 %, the last 30 consecutive 
cases being completed without a death. 

Pneumonectomy soon followed lobectomy for bronchiec- 
tasis, the first operations being performed by Nissen (1931) 
in Germany and Haight (1934) in America. In Britain, 
Tudor Edwards and Roberts performed the first pneumo- 
nectomies for bronchiectasis by a one-stage operation in 
contrast to the two-stage procedure used by Nissen and 
Haight. The one-stage operation is now universally accepted. 

The earlier tourniquet technique for removal of a lobe or 
a lung was of great value in establishing the operation, but 
for some years now it has given way to removal by dissection 
and ligation of the main vessels and bronchus, a procedure 
much more in keeping with sound surgical principles. Blades 
& Kent (1940) have written on the anatomy of the lobar 
vessels, as displayed at the dissection operation. Tudor 
Edwards originally performed a one-stage lobectomy for 
bronchiectasis by the individual ligation technique as long 
ago as 1929 ; this was the first successful case of its kind in 
Britain. Lobectomy has also been applied with great success 
to selected cases of bilateral disease and, finally, with the 
greater confidence that has followed knowledge of the 
anatomy of the broncho-pulmonary segments, even seg- 
mental resection of lobes has been successfully used. 

The disability following lobectomy and pneumonectomy 
is usually small or non-existent. Greater disability may 
occur after pneumonectomy for carcinoma in an elderly 
patient, but even then any ordinary occupation can be 
followed. A successful lobectomy in a young patient should 
give rise to no disability whatever and many such patients 
are on full active duties in each of the fighting services to-day. 

Surgery and Pulmonary Tuberculosis 

The surgical treatment of pulmonaiy tuberculosis is a vast 
and increasing field of work. Some of the earliest pioneer 
work in the surgery of the chest rose from the treatment of 
this disease, and much steady progress has been made over 
many years. The problem has many important sociological 
and administrative bearings, apart from the pure surgical 
considerations, or more correctly, arising out of the success 
of surgical interference. Pulmonary tuberculosis remains a 
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great scourge in spite of its lessened incidence during this 
century and its victims arc mostly young people. Apart 
from physical sufTcring and death, it brings with it much 
misery’, deprivation and want, afl'ceting the sufferer’s family 
as well. Routine medical and sanatorium treatment play 
an invaluable and imcplaceablc part, but far too many patients 
relapse afterwards and, os many reports have showm, of 
those who have a positive sputum at the end of sanatorium 
treatment some 75 % arc dead within 3 years. Thompson 
(1943) has recently described an investigation of 406 adult 
patients followed for from 5-15 years in which the poor out- 
look for the patient with a casity is emphasised. Thus, he 
found that wre dead within 3 years and 75% in 
5 years. 

There is much wastage from the policy of “ patching-up ” 
the patient with several months in a sanatorium and then 
sending him back to work, outwardly well, but inwardly still 
with uncontrolled, albeit temporarily silent, disc.asc. The 
help of surgery is often requested only when years of chronic 
disease have had their effect. Many of the patients occupying 
the surgeon’s time should have been operated upon two, 
three or more years before, and many others in the ideal 
phase for surgeo' are being sent back to work instead of to 
the surgeon. Village Settlements, such as PapKorth, can 
play a useful part in the rehabilitation of a certain number of 
patients. 

It is for this reason that the field of surgery in the treatment 
of pulmonary tuberculosis is potentially such a vast one, and 
will require considerable, preferably national, organisation 
to make it available for all who can benefit from it. If the 
number of sputum-positive cases sent back to their homes 
or to industry could be diminished, this alone would lessen 
the number of new cases. 


The surgery of pulmonary tuberculosis is related chiefly 
to “ collapse therapy,” and in its simplest form begins with 
artificial pneumothorax. Air introduced into the pleura 
has itself no healing effect ; it benefits the patient only when 
it enables the diseased part of the lung to relax. For this 
reason it is inevitable that thoracoscopic division of adhesions 
limiting collapse of the lung must play a very important part 
in treatment. This operation, performed skilfully, carries 
a low morbidity and mortality, Barclay (1943) has recently 
’written of his experiences in 80 cases ; previously Chandler 
(1937) has recorded his experiences in 210 operations, and 
Brock (1938a) has written of his results in 442 operations 
with the low incidence of 5 cases of simple tuberculous 
empyema and 5 cases of empyema with mixed infection — 
many times lower than that of artificial pneumothorax cases 
left with adhesions undivided. In other words, the incidence 
of complications is lessened by cauterisation of adhesions. 
The last of the papers mentioned above also contains a com- 
plete account of the technique of the operation and a practical 
consideration of the structure of adhesions. Just as every 
sanatorium or hospital treating phthisis should be equipped 
for.pneumothorax treatment, so should it have facilities for 
division of adhesions in suitable cases. 


A few years ago extrapleural pneumothorax had a phase 
of great popularity (Roberts, 1938 ; Brock, 1938b ; Sellers, 
1938), but to-day it is seldom used. It is an operation of 
^lue in a few carefully selected cases, chiefly in children 
below 1 6 years of age, and in older patients with an acute 
lesion imlikely to be controlled by rest alone, and in whom 
an ordinary pneumothorax has failed. The operation has 
a inortality (10 %) and a morbidity too high for general use ; 
only about one-half of the patients derive substantial benefit 
from it, and this is too low a figure for an operation of 
election. If the patient is fit for a thoracoplasty, or is likely 
to become fit enough after a proper period of rest, then extra- 
pleural pneumothorax should never be used in its place. 

Thoracoplasty is a good operation wth a relatively low 
mortality and morbidity and gives a high percentage of 
permanent cures. As stated above, if it could be used more 
often on earlier cases, the results would be even better. 

Until some 6-7 years ago thoracoplasty consisted essentially 
of resection of the ribs, a method which gave only lateral 
compression of the lung. In 1935 Semb, following on the 
work of his senior Holst, introduced extrafascial apicolysis 
by which the diseased part of the lung is mobilised by de- 
i^rate and careful dissection so as to give the concentric 
relaxation and collapse that can otherwise be obtained by 
a perfect artificial pneumothorax (Semb, 1935, 1937). Semb’s 
operation is now almost universally accepted and practised 


and is a great advance in the surgical attack on phthisis. 
Thomas & CIcIand (1942, 1943) have recently written fully 
of their experiences with the operation and of their 
results. 

Overholt (1941) has recorded the results of his team in 
which the mortality from operation in 874 patients (a total of 
IS98 operations) was only 5-3 %, and 5 years or more later 
94 % of the patients were alive and well, with the disease 
arrested ; 83 % were working. 

The importance of submitting suitable patients for operation 
early and not delaying until the “ slipping chronic ” stage 
has been reached is emphasised by Freedlander & Wolpaw 
(1937), who compared the results of operation upon 85 
patients with a control group of 58 patients who refused 
operation. Thoracoplasty gave good results in 75 % of the 
“good chronic” cases and in only 57% of the “slipping 
chronic” group. Hurford (1941) in a similar but smaller 
investigation found that of 54 unfavourable cases, 65 % were 
satisfactory after at least one year, whereas of 44 controls 
who had refused operation, 45 % were dead ; of the thoraco- 
plasty patients surviving, 64 % were working. 

While collapse therapy is the essence of the surgical treat- 
ment of pulmonary tuberculosis, cases still remain in which 
a cavity in the lung does not respond to the standard measures. 
The problem of the mechanism of the production of cavities 
has stimulated much investigation (Coryllos, 1936 ; Coryllos 
& Omstein, 1938; Goldman, Brunn & Ackerman, 1941; 
Thomas, 1942), but the name of Monaldi (1939) is particularly 
associated with the proposal of treating a certain type of 
“ distension ” cavity by constant gentle suction through an 
indwelling catheter used for drainage. The method has 
taught us much of the physiology and pathology of cavities 
but has been disappointing in its results. Like extrapleural 
pneumothorax, it has a very limited application, chiefly for 
a few early or bilateral cases. Sellers (1942) finds that thora- 
coplasty is still needed in most of the patients on whom it is 
used. Maxwell & Kohnstamm (1943) also find the end- 
results disappointing. Both the last-named papers contain 
much valuable information on the technique and manage- 
ment of the treatment of cavities by the Monaldi method. 

The chief difficulty in the way of permanent closure of the 
cavity seems to be persistence of the bronchial fistula. If it 
were possible to close the bronchus safely and easily it would 
be a big advance. Thomas, Gough & Still (1943) describe 
the use of plasma-clot for this purpose and show that there 
is a field for investigation into similar methods. 


Pneumonectomy in Bronchial Carcinoma 

The most striking advance in the surgery of the chest 
iuring recent years lies, undoubtedly, in the attack on 
jronchial carcinoma. Scarcely 10 years ago a diagnosis of 
jronchial carcinoma was the equivalent of a death-sentence, 
’or the only form of treatment then available, deep x-ray 
herapy, has probably never cured a genuine case of the 
iisease. The success attending lobectomy for bronchiectasis 
ed to the use of the operation for favourable cases of carci- 
loma, but with only limited success, for the number of cases 
vhich could be treated in this way was small and the recur- 
•ence rate was high. In 1933, however, Graham was able to 
■eport his dramatically successful case of one-stage pneumo- 
lectomy for carcinoma ; the patient, a physician, was still 
dive and well more than 10 years after. This operation was 
i modified tourniquet resection, but later in the same year 
lienhoff performed the first pneumonectomy by dissection, 
ind since then he and Overholt have published numerous 
japers on their experiences. Dissection pneumonectomy 
vith removal of the adjacent mediastinal glands has now 
jecome the accepted standard surgical procedure for operable 
ases of bronchial carcinoma and is an operation based on 
hose same sound principles which have proved so suixesslul 
n the surgical treatment of carcinoma of the breast and 
olon. Overholt (1940) in a survey of his own senes and .S 
fom a special questionnaire has shown that the results arc 
iromising, that they are far better than those of d^p x-ray 
herapy or of any other method of treatment, and have fulb 
usu'fied the operarion. In this country Bro..< (19^3) has 
ecently pubUshed an account of his expenentes^.n whi.h 
he operability rate in 187 coi^ecutive cases was S -.m o* 
lis results in radical removal in 29 patients. 

The main problem to be solved m pnramor/ec-cm; tv 
uccessfu! primary healing of the divtdcd bron-huv.^^ . - 
till causes great difficulties, bat much uvcfu. exp--'— -* 
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and clinical work has been published on it (e.g. Rienhoff 
et a!., 1942). Brock has obtained good results by the use 
of a pedicled intercostal muscle graft for the closure, but his 
work has not yet been published. It is probable that no 
method will ever ensure primary closure in every case, just 
as it is at present impossible to ensure primary healing of 
all wounds in the body. Sepsis is present in many cases of 
pneumonectomy, and breaking-down of the suture line is 
inevitable at times. Nevertheless there is still room for 
improvement, and few will contest that a great impediment 
to smooth and easy convalescence will be removed when the 
problem of the safest method of bronchial closure is solved. 

Radiology and Anassthesia ; Future of Thoracic Surgery 

The present firm position of thoracic surgery rests on two 
other things, besides its intrinsic strength ; these are radiology 
and anaesthesia. Without radiology no precision would be 
possible and no decision would be safe. Until Roentgen’s 
discovery the time was not ripe for the development of 
thoracic surgery, especially the surgery of pulmonary tuber- 
culosis. The invaluable part played by radiology in the 
complex post-operative care is ably surveyed and illustrated 
by Cleland & Rackow (1943). 

No thoracic surgeon would deny to the modem anass- 


thetist full acknowledgment of the invaluable part played by 
him in the success of the severe and formidable operations 
of pneumonectomy, lobectomy, thoracoplasty, and thoraco- 
tomy for the removal of mediastinal tumours. While the 
surgeon opens the chest and operates upon the viscera therein, 
often producing profound interference with their function, 
respiration and circulation must be maintained and the 
anaesthetist is faced with many problems in achieving this. 
Local anajsthesia has made thoracoplasty easier and safer; 
controlled respiration (Crafoord, 1938, 1940; Nosworthy, 
1941) has done much to help open thoracotomy and lung- 
resection. Nosworthy in particular has written fully and 
clearly on the problems of anaesthesia in intrathoracic 
surgeiy. Just as thoracic surgery itself is still advancing, 
so its two able supporters, radiology and anaesthesia, are 
constantly improving. 

Many difficult problems in connection with the lungs have 
been solved, problems which a few years ago seemed in- 
soluble, Less great but none the less worthy progress is also 
being made in the surgery of those two other most difficult 
and resistant organs, the oesophagus and the heart. The 
next ten years will probably see just as great advances in the 
solution of their surgical problems as the last decade has 
seen in the surgery of diseases of the lungs. 


Bibuography 

Allison, P. R. (1943) Management of acute pleural em- 
pyema. Brit. med. J. 2, 383 

^ Barclay, R. S. (1943) Some observations on eighty con- 
secutive cases of internal pneumonolysis. Edinb. med. J. 
50, 554 

Blades, B. & Kent, E. M. (1940) Individual ligation tech- 
nique for lower lobe lobectomy. J. thorac. Stirg. 10, 84 
Brock, R. C. (1936) The principles governing the treatment 
of chronic empyema. Guy's Hasp. Gaz. SO, 429 
Brock, R. C. (1938a) Thoracoscopy and cauterisation of 
adhesions, Brampton Hasp. Rep. 7, 81 
Brock, R. C. (1938b) Extrapleural pneumothorax. Brit. J. 
Ttiberc. 32, 173 

Brock, R. C. (1941) Drainage of the pleura. Brit. med. J. 
2, 128 

* Brock, R. C. (1943) Surgical treatment of bronchial carci- 

noma. Brit. med. J. 2, 257 

® Brock, R. C., Hodgkiss, F. & Jones, H. O. (1942) Bronchial 
embolism and posture in relation to lung abscess. Guy's 
Hasp. Rep. 91, 131 

Brunn, H. (1929) Surgical principles underlying one-stage 
lobectomy. Arch. Surg. 18, 490 
Chandler, F, G. (1937) Internal pneumolysis: result of 
210 consecutive operations. Tubercle, 18, 298, 348 
Churchill, E. D. (1937) Lobectomy and pneumonectomy in 
bronchiectasis and cystic disease. J. thorac. Surg. 6, 
286 

* Qeland, W, P. & Rackow, A. M. (1943) Radiology in post- 

operative chest surgery. Brit. J. Tuberc. 37, 55 
Coryllos, P. N. (1936) Mechanics and biology of tuberculous 
cavities. Amer. Rev. Tuberc. 33, 639 
Coryllos, P. N. & Omstein, G. G. 0938) Giant tuberculous 
cavities of the lung. J. thorac. Surg. 8, 10 
Crafoord, C, (1938) On the technique of pneumonectomy 
in man. Acta Chir. Scand. Suppl. 54, 

Crafoord, C. (1940) Pulmonary ventilation and anesthesia 
in major chest surgery. J. thorac. Surg. 9, 237 
Edwards, A. T. (1939) Modem principles of treatment in 
bronchiectasis, based upon 199 cases treated by lobectomy 
or total pneumonectomy. Brit. med. J. 1, 809 
Freedlander, S. O, & Wolpaw, S, E. (1937) A control group 
for studying the end-results of thoracoplasty. J. thorac. 
Surg. 6, All 

Goldman, A., Brunn, H. & Ackerman, L. (1941) Tuber- 
culous cavities. Amer. Rev. Tuberc. 43, 151 
Graham, E. A. & Singer, J. J. (1933) Successful removal of 
entire lung for carcinoma of the bronchus. J. Amer. 
med. Ass. 101, 1371 

Haight, C. (1934) Total removal of left lung for bronchiec- 
tasis. Surg. Gynec. Obst. 58, 768 


Hurford, J. V. (1941) Thoracoplasty for pulmonary tuber- 
culosis. Lancet, 1, 693 

® Maxwell, R. J. C. & Kohnstamm, M. L, (1943) The trans- 
pleural drainage of tuberculous cavities. Brit. J. Tuberc, 
21, lA 

Monaldi, V. (1939) L’aspirazione endocavitaria nella cura 
delle caveme tubercolari del polmone. Sett. med. 27, 
231 

Nelson, H. P. (1934) Postural drainage of the lungs. Brit, 
med. J. 2, 251 

Neuhof, H. & Touroff, A. S. W. (1936) Acute putrid abscess 
of the lung. Principles of operative treatment. Surg. 
Gynec. Obstet. 63, 353 

Neuhof, H, & Touroff, A. S. W. (1942) Acute putrid abscess 
of the lung, J. thorac. Surg. 12, 98 

Nissen, R, (1931) Exstirpation eines ganzen LungenflOgels. 
Zbl.f. Chir. 58, 3003 

Nosworthy, M. D. (1941) Anaesthesia in chest surgery, with 
special reference to controlled respiration and cyclo- 
propane. Proc. roy. Soc. Med. 34, 479 

Overholt, R. H. (1940) Ciuability of primary carcinoma of 
the lung. Surg. Gynec. Obstet. 70, 479 

Overholt, R. H. (1941) Permanent collapse therapy in pul- 
monary tuberculosis. J. Amer. med. Ass. 117, 1681 

Rienhoff, W. F., Gannon, J. & Sherman, I. (1942) Closure of 
the bronchus following total pneumonectomy. Ann. Surg. 
116, 481 

Roberts, J. E. H. (1938) Extrapleural pneumothorax. Brit. 
J. Tuberc. 32, 68 

Sellors, T. H. (1938) Extrapleural pneumothorax. Brit. J. 
Tuberc. 32, 182 

® Sellors, T. H. (1942) Qosed suction drainage of tuberculous 
cavities. Tubercle, 23, 239 

Semb, C. (1935) Thoracoplasty with extrafascial apicolysis. 
Acta chir. Scand. Suppl. 37 

Semb, C. (1937) Thoracoplasty with extrafascial apicolysis. 
Brit. med. J. 2, 650 

Shenstone, N. B. & Janes, R. M. (1932) Experiences in pul- 
monary lobectomy, Canad. med. Ass. J. 27, 138 
^ Thomas, C. P. (1942) Pulmonary cavities : their persistence 
and closure. Brit. J. Tuberc. 36, 4 
8 Thomas, C. P. & Cleland, W. P. (1942) Extrafascial api- 
colysis with thoracoplasty. Brit. J. Tuberc. 36, 109 
' Thomas, C. P. & Cleland, W. P. (1943) Results of thoraco- 
plasty. Brit. J. Tuberc. 37, 2 

w Thomas, D„ Gough, J. «& Still, B. M. (1943) Artificial 
bronchial occlusion by plasma clot. Brit. J. Tuberc. 37, 
44 

Thompson, B. C, (1943) Survival rates in pulmonary tuber- 
culosis. Brit. med. J. 2, 721 

8 [see BMB 249] * [see BMB 278] 

» [see BMB 265] ® [see BMB 266] 

« [see BMB 288] 


[see BMB 263] * [see BMB 259] 

[sec BMB 269] * [see BMB 268] 

9 [see BMB 267] ” [see BMB 270] 


36 



RECENT WORK ON THE ANATOMY OF THE BRONCHI 
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[This article should be rend in conjunction with the diagrams on the next page] 


Apart from the researches of a few workers at the end of 
the nineteenth centuo’. notably Achy (ISSO), William Ewart 
(18S9), and Narath (1901), the anatomy of the bronchi 
received comparatively little attention until the last decade. 
The introduction of bronchoscopj', the development of chest 
radiography, particularly bronchography, and the advance 
of thoracic surgery have caused a revival of interest in 
bronchial anatomy, and many papers on this subject have 
now been published. Ewart was the first to notice that 
each branch-bronchus supplies a definite area of lung, and 
these areas have since been called the “ broncho-pulmonary 
segments.” In 1932, Nelson pointed out that the apex of 
the lower lobe could be regarded as a separate entity Iiaving 
its own bronchial and blood supply, and in the same year 
Kramer & Glass (1932) published a description of all the 
broncho-pulmonaiy segments. Later, Nelson (1934) gave 
a concise description of the distribution of the bronchi, 
which has been widely accepted. 

Certain French workers have also published descriptions 
of the bronchi and segments, notably Grandgerard & Weber 
(1935) and Lucicn & Weber (1936), and a summary of their 
researches has been given by Hovelacquc, Monod & Evrard 
(1937). Churchill & Bcisey (1939) described the anatomy 
of the “lingula” of the left upper lobe, -and Neil, Gilmour 
& Gvvynne (1939) have also given an account of the bronchi 
and segments. The surgical anatomy of the lung roots 
has been described by Hovelacque, Monod & Evrard (1937), 
and by Kent & Blades (1942), and those interested in the 
histology of the bronchi and lung should consult Miller 
(1937). 

Foster-(2arter (1942) has shown that previous accounts 
of bronchial anatomy contained certain inaccuracies and 
has given a detailed account of the bronchi vvith particular 
reference to those of the right upper lobe which were in- 
correctly portrayed in the past. More recently Brock (1942) 
has corroborated this description of the right upper lobe. 
The following account of the human bronchial tree is based 
on the study by the writer of celloidin casts, dissections, 
segmental injections, and bronchograms. The simplest 
possible names have been used, and the series of explanatory 
diagrams will help to make the description clear ; the letters 
in square brackets refer to the diagrams. 

It is convenient to regard the bronchial system in each 
lung as a stem with a series of branches, and there is sound 
embryological justification for this conception (Huntington, 
1920). The first or eparterial branch of the right stem-bron- 
chus [d] is directed laterally and supplies the right upper lobe. 
It divides into three branches, anterolateral or ventral [e], 
posterolateral or dorsal [f] and apical [g]. Many previous 
accounts have mentioned a fourth or “ axillary ” branch, 
but this does not normally exist in the human lung (Foster- 
^rter, 1942). The axillary area is supph'ed by lateral 
branches from the anterior and posterior divisions and not by 
a separate axillary branch. The apical bronchus also sends 
a branch to the upper part of the axillary area. The next 
branch of the right stem-bronchus, the middle bronchus (h], 
IS directed fonvards and supplies the right middle lobe ; it 
has two principal divisions, lateral [k] and anterior [m]. 

In the left lung, the branch to the upper lobe combines 
the functions of the eparterial and middle bronchi on the 
tight. ^ The left upper lobe is equivalent to the right upper 
and middle lobes, and is sometimes subdivided by a fissure. 
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Tlic left upper bronchus [s], therefore, has two main divi- 
sions : the left ascending bronchus [u] and the left middle 
bronchus [t]. The ascending branch is equivalent to the 
eparterial bronchus on the right and has similar branches — 
anterolateral, posterolateral and apical — the last two arising 
by a common stem, which the writer has called the apico- 
postcrior [vj. The left middle bronchus [t] supplies the 
lower part of the left upper lobe, which is equivalent to the 
right middle lobe and is often called the " lingula ” ; it has 
anterior [m] and lateral [k] divisions resembling those of 
the right middle bronchus. 

The bronchi of the two lower lobes are similar and may 
be considered together. After the stem-bronchus enters 
the lower lobe, the first branch is the dorsal bronchus [n] 
directed backwards. This supplies the apex of the lower 
lobe, and its branches can extend outwards as far as the 
posterior axillary line and downwards as far as the 10th 
thoracic vertebra on the inner side. The next branch, the 
cardiac bronchus [o], is peculiar to the right lung ; it arises 
from the medial aspect of the stem and supplies the medial 
part of the right lower lobe adjacent to the heart. A short 
distance further down, a large branch, the anterior basic [p], 
arises from the anterolateral aspect of the stem to supply 
the anterior part of the lower lobe. The stem-bronchus then 
appears to divide into tsvo terminal branches, the lateral 
basic [q] and the posterior basic [rj. These supply the 
lateral and posterior parts of the lower lobe, and the posterior 
basic branch is actually the direct continuation of the stem- 
bronchus itself. 

Figures 4 to 9 show the areas of lung (broncho-pulmonary 
segments) supplied by the branches described above. The 
size of each segment varies slightly in different lungs, but 
the segments, like the bronchi, are fairly constant in position. 
In this account, an attempt has been made to depict the most 
common arrangement of the bronchi and their segments, 
and this pattern, with very slight variations, will be found in 


the majority of instances. 

It is necessary for both physician and surgeon to have a 
working knowledge of the bronchial tree and bronchi> 
pulmonary segments upon which to base^ their diagnosis 
ind treatment of thoracic disease. For instance, in the 
interpretation of bronchograms it will be seen that the most 
;omplete survey of the bronchi is obtained by outlining 
those of each lung separately and then taking both 
posterior and lateral radiographs [Figs. 1, 2 & 3j. If me 
bronchi of both lungs are outlined at the same time they 
become superimposed in the lateral view and the only way 
to separate them is to take an oblique radiograph with the 
:hest at an angle of 45 degrees to thex-ray film [Figs. 10 & 1 IJ. 
- Pathological processes, particularly lung abscesses, ten 
to involve one or more broncho-pulmonary segments, m 
the importance of a knowledge of these subdivisions to the 
thoracic surgeon has been clearly shoym by " J 

1943). The physician, also, when planning the postui^ 
irainage of a suppurative lesion in the lung- ^ Sn'^^aw 
from the x-ray which segments are involved, und then plaro 
the patient in such a position that the bronchi 
these segments are dependent (Nelson, 1934; Fo^ter-^er, 

1943). For instance, a lesion in the apex of the lower [ 

is best drained by placing the patient in the ’ 

while one in the middle lobe area [m] wiU dram mo.t effi.ientiy 
if he lies on his back. 
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onNCHO-PULMONARV SEGMENTS 
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lo. Anterior middle. 
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r. Posterior basic. 
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o. Ascending. _ 
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REVIEW OF SELECTED PAPERS 


Applied Anatomy of the Lungs 


Multiple abscesses may necessitate drainage at more than 
one of these sites simultaneously. 
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BRONCHLU. ANATOMY AND THE SURGERY OF 
LUNG ABSCESS 

by R. C. Brock, Guy's Hospital Reports, 91, 1 1 1-130, 1942 

Tlus paper deals with the surgical treatment of abscesses in 
the right upper lobe. The author stresses that it is essential 
for the surgeon to have a knowledge of the anatomy of this 
area and he gis'cs an illustrated description of the branches 
of the epartcrial bronchus which agrees with that of Foster- 
Carter (1942). 

The segment most often involved in a lung abscess is the 
posterolateral, which occupies the paravertebral part of the 
right upper lobe below the apex, and extends to the posterior 
part of the axillary region. Tlic apical .and anterolateral 
segments are less common sites for suppuration. In planning 
the treatment of an abscess in the right upper lobe, it is 
essential to study both antero-postcrior and lateral radio- 
graphs and to remember that a true axillary abscess is rare ; 
an abscess in the axillary area is usually situated in cither the 
posterior or the anterior part. 

M abscess may present on the interlobar fissure, which 
wm then show’ a smooth downward projection in the lateral 
radiograph. Rupture of an abscess into the fissure produces 
a characteristic globular or ovoid opacity due to the formation 
of an interlobar empyema, and this may be mistaken for the 
abscess itself. 


^e author advocates the early drainage of lung abscesses 
Md str^es that this must be preceded by very accurate 
ocalisation, based upon a knowledge of the segmental 
anatomy of the region involved. Good antero-postcrior 
an lateral radiographs are the first essential and the position 
favourable point for drainage, namely the point 
wmch the abscess is nearest to the surface, must be checked 
against a fixed landmark such as the sternum 
w both Mews [see also Cleland & Rackow, 1943]. If the 
.®®Sment involved can be ascertained, but the actual 
nnt -M f surrounding pneumonia, it is often 

narf’ ? successfully at the site of election for that 

The injection of a small quantity of 
tissii^ niixed svith methylene blue into the intercostal 
nrnvM Suspected site is sometimes useful, as it 

. ®® ^ landmark w-hich is visible both in the radiograph 
tion • Bronchoscopy is also of value in localisa- 

^ exuding from the bronchus 
which drains the aflfected segment. 


throiiDi,^ Simses of the right upper lobe are best approached 
annmarif^ incision in some part of the axilla. An anterior 
DossiWp occasionally, but should be avoided if 

vertpiaroi^J^ tends to produce an ugly deformity. A para- 
in the an’^ ^ drained from the back. Abscesses 

axillarv segment are uncommon. When they occur, an 

usuallu resection of part of the 3rd rib will 

tisually give dependent drainage. 

of the anterior part of the anterolateral segment 
cZi^nW r f ® ^ the front, and it 

latol mrf ^neath the anterior end of the 3rd rib. The 
the 3rd n-h • “‘ejolateral segment normally Ues beneath 
the site r,r ^wterior to the mid-lateral line, and this is 
site of elecuon for drainage. 

an segment is the most common site for 

this rerinn**- “® upper lobe. In the lateral radiograph 
localisation V®*^ ,°*^^®™‘ed by the shoulder girdle, and 
should hf. lesion may be difficult. Every effort 

posterior or I ^ decide whether the abscess involves the 
Vertebral ah.: ^ ^^® segment, or both. A para- 

the back- • posterior part, is best drained from 

Or 5th rihe under the posterior ends of the 4th 

far as the resection may have to extend back as 

in the P"°®®sses of the vertebra. An abscess 

involves »ho °i^die posterolateral segment, or one which 
part of the t 'a ??® ®nsment, is best drained by resection of 
‘ nb high up and far back in the axilla. 


RtrnnnNcns 
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BRONCHIAL ANATOMY AND THE SURGERY OF 
LUNG ABSCESS. Part H 

by R. C. Brock, Guy's Hospital Reports, 92, 26-37, 1943 


In this paper the author first deals with the surgical anatomy 
of the left upper lobe. [His description agrees with that 
given in BMB 245 except for the exact distribution of the 
subdivisions of the lingula or left middle bronchus.] He 
considers that the lateral division of the left middle bronchus 
extends forwards above the anterior division, so that the 
corresponding segments should be called upper and lower 
rather than lateral and anterior. Nevertheless, he states 
that there is an important lateral branch from the upper 
division which contributes to the “ axillary area ” of the left 
upper lobe. Tliis area is supplied by lateral branches from 
the anterolateral, posterolateral, and left middle (lingula) 
bronchi, and is a common site for the formation of an abscess. 
Brock shows that all these branches are dependent when the 
subject lies on the left side, and suggests that left axillary 
abscesses are usually caused by the aspiration of infected 
material when lying in this position. 

The lower or anterior branch of the lingula is of particular 
importance in bronchiectasis, as it is often involved together 
with the bronchi of the lower lobe, and then has to be re- 
sected when performing a left lower lobectomy. Lee Lander 
& Davidson (1938) showed that infected emboli from the 
main bronchus would tend to be aspirated into the left 
middle bronchus as well as the lower lobe, because of the 
downw’ard direction of this branch. Brock points out that, 
for the same reason, when the patient is in the upright position, 
secretions filling the lower bronchus can spill over into the 


I'UEula. . o c 

The left apical segment is rarely the site of a lung abscess , 
the best surgical approach to it would be through the 2nd 
or 3rd rib, high up and far back in the axilla. Abscesses 
of the left posterolateral segment can best be reached from 
the back by resection of the 4th or 5th rib close to the spine, 
rhe anterolateral segment is the most common site for 
suppuration in the left upper lobe, and its lateral or axmlary 
part is most often affected. An abscess in this area should 
usually be drained in the mid-axilla and the exact level must 
be carefully determined by radiography as described by 
Brock (1942). The lateral or axillary part of the lingula is 
ilso a common site for suppuration; an abscess in this 
segment may be indistinguishable radiologically from one 
in the lateral part of the anterolateral segment, and it is 
treated in the same svay. Abscesses in the anterior pa s 
of the anterolateral or left middle segments usually approach 
the surface on the anterolateral aspect of the ch«t, and th 
best position for drainage is again determined by accurate 
localisation of the area involved. 

The original paper is noteworthy for the profusio 
its excellent illustrations. 
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occurs more often in the right lung than in the left. They 
are of the opinion that most lung abscesses are due to the 
inhalation of infected material, probably during sleep when 
the patient is lying down. Basal abscesses are common 
after abdominal operations because the patient is nursed in 
a sitting position, but the upper lobes are frequently the site 
of suppuration after other operations, such as those on the 
nose and throat, when the patient is nursed lying down. 

The authors show radiographically that small quantities 
of iodised oil injected into the trachea, when the patient is 
lying on his right side, usually reach the posterolateral area 
of the right upper lobe. This is of particular interest in 
view of the frequency of suppuration in this segment. When 
the patient lies on his back, oil from the trachea usually runs 
into the right first dorsal bronchus supplying the apex of the 
right lower lobe ; it may also enter the posterolateral segment 
of the right upper lobe and less frequently the apex of the 
left lower lobe. 

The authors point out that these two areas into which 
oil from the trachea tends to be aspirated, the posterior part 
of the right upper lobe and the apex of the right lower lobe, 
are common sites both for a lung abscess and for tuberculous 
lesions. They suggest that both these conditions may be 
due to the aspiration of infected bronchial emboli from the 
upper respiratory tract. 

250 

THE INTERLOBAR FISSURES OF THE LUNGS 
by R. C. Brock, Guy's Hospital Reports, 91, 140-146, 1942 

The author is of the opinion that the posterior end of the 
main fissure is at a lower level than is commonly supposed. 
Many textbooks of anatomy give the upper level of the main 
fissure as the posterior end of the 4th rib or the spinous 
process of the 3rd dorsal vertebra. An abscess in the apex 
I of the lower lobe would therefore be expected to lie deep to 
I the 3rd to 6th ribs posteriorly. This is not the case, and the 
correct level to drain such an abscess is usually at the 8th 
rib. Bronchograms rarely show the apex of the lower lobe 
at a higher level than the 5th to 6th rib, and this is probably 
the normal upper limit of the main fissure of the right lung. 
The fissure of the left lung sometimes reaches the level of the 
4th or even the 3rd rib. In the original paper, illustrations 
are given of a dissection of the thorax showing the pulmonary 
fissures, together with radiographs taken after metal strips 
had been placed in the fissures. 


Experimental Lung Damage 
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THE HISTOLOGY OF THE ISOLATED PERFUSED 
LUNG 

by O. A. Trowell, Quarterly Journal of Experimental Physio- 
logy, 32, 203-212, December 1943 

In this paper from the Physiology Department of the Uni- 
versity of Edinburgh the author describes histological changes 
in isolated dogs’ lungs, which were perfused with heparinised 
blood under negative-pressure ventilation for a period of 
3^7 hours. A total of 34 lungs was examined in 20 per- 
fusions (by the technique of Daly, Hebb & Petrovskaia, 
1941). The lungs of 5 normal dogs served as controls. 

From each lung three samples were removed, fixed and 
stained. The author summarises some of the histological 
features of the normal dog lung and refers to differences in 
other species. The constant histological changes seen in the 
perfused lung were (i) oedema manifested by alveolar exudate, 
distension of periarterial lymphatics and oedema of arterial 
walls ; (ii) periarterial and peribronchial haemorrhage, which 
could also be seen on macroscopic examination; (iii) ac- 
cumulation of polymorphonuclear leucocytes in small blood 
vessels, often entirely filling the lumen of the venules. (The 
disapp^rance of polymorphs from blood perfused through 
the isolated lung tvas observed but not published by R. G. 
Bickford & F. R. Winton in 1934. Further observations 
on this point will be reported elsewhere in detail by the present 
author. The extent of accumulation of polymorphs in some 
of the small vessels is sufficient to account for their disap- 
pearance from the circulating blood) ; (iv) dUataUon of 


bronchi and bronchioles with smoothing of the normal con- 
volutions of the bronchial epithelium. Appearances sug- 
gested loss of tone or reactivity of bronchial muscle (the 
bronchial circulation was not perfused) ; (v) vascular con- 
gestion of bronchial walls, except where outflow from the 
pulmonary veins was allowed. 

The three main changes described— oedema, periarterial 
htemorrhage, and intravascular accumulation of polymorphs 
— were never evenly disjfibuted, nor did the various changes 
necessarily occur in association. Bronchial dilatation and 
congestion were always uniformly distributed when present. 

The author reviews the findings of other workers on 
histological changes after acute oedema and certain types of 
experimental lung damage. From the reports of these other 
workers it is evident that the main pathological features of 
the perfused lung arc also found in other types of lung damage, 
and the author suggests that such changes represent a common 
reaction to pulmonary trauma. He regards increased capil- 
lary permeability as the chief cause of oedema, and rupture 
of the vasa vasorum as the chief cause of periarterial hsmor- 
rhage. Bronchial congestion was presumably due to some 
obstruction of the veins draining the bronchial tree. 

Reforence 
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HEALING OF EXPERIMENTAL WOUNDS OF LUNG 
by G. L. Montgomery, British Journal of Surgery, 31, 292-299, 
January 1944 

Little information is available on the process of healing 
wounds of the lung. The author has experimentally investi- 
gated this problem at the Wilkie Surgical Research Labora- 
tory, Edinburgh. Triangular sections of lung were excised, 
under endotracheal ether anaesthesia, from 17 adult cats. 
Wounds were sutured in layers, and the cats recovered quickly 
and seemed little disturbed by the procedure. They were 
killed at intervals of from 36 hours to 115 days after opera- 
tion, and sections of lung at the site of excision were made for 
study of the histological appearances in different stages of 
repair. 

i. Reconstitution of the continuity of the pleura. The 
pleural limiting membrane was reformed by the cells of the 
superficial alveoli of the lung. This proliferative change was 
followed by the production of hyperplastic cells which 
appeared to originate from the capillary endothelium of the 
alveolar wails. Fibrin from blood clot deposited on the 
interrupted pleural surface appeared to stimulate prolifera- 
tion of remaining serosal cells. Both alveolar endothelium 
and pleural serosal cells appeared to give rise to the fibro- 
blastic tissue external to the limiting membrane of the lung. 
The elastica of the pleural membrane developed in the new 
collagen barrier. 

ii. Regeneration of the lung. Evidence of regeneration was 
seen at a very early stage. The most important change was 
the development of new bronchial buds from the bronchi. 
These first appeared as cubical cells replacing the columnar 
ciliated epithelium. Later, cubical cells appeared external 
to the membrana propria, and at a further stage narrow 
channels of cubical epithelium developed. This proliferation 
occurred on the aspect of the bronchus directed towards the 
wound. The bronchial buds increased in number and size, 
and muscle fibres and elastic tissue appeared in their walls. 
At a later stage of regeneration, the lining of the new bronchial 
ramifications reverted to the columnar ciliated type of epithe- 
lium. Cubical epithelium was seen in the proliferative phase 
in most, but not all, cases. Another change seen was that 
some of the fibrin of the clot in the wound appeared to be con- 
verted into collagen, which later became aerated in various 
ways. There was also re-expansion of many of the col- 
lapsed alveoli in the vicinity of the wound. Other alveoli 
were lined with cubical epithelium and resembled foetal lung 
tissue. These were probably newly formed, although the 
author does not exclude the possibility that they might have 
been re-expanded existing alveoli. The author was rnuch 
impressed by the evidence in these sections of intense activity 
directed towards aeration of the scar tissue. The bronchial 
epithelium appeared to be affected by environment. When a 
bronchus was constricted or had to penetrate unusually dense 
collagen, it tended to become squamous in form. This 
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suggests the need for careful haemostasis in operations on 
the lung. 

Oedema was absent .in all wounds older than 45 hours. 
The amount of connective tissue diminishes wth the increas- 
ing age of the wound. This may be due to the rich blood 
supply, which would not exist, for example, in a chronic 
tuberculous lesion. 

The original paper contains much detail which cannot be 
discussed here. It is illustrated by 16 photomicrographs of 
sections of healing lung wounds at different stages. 


Dusts causing Lung Disease 
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LUNG TUMOURS IN MICE AND MAN 

by J. A. Campbell, British Medical Journal, 1, 179-183, 

13/2/43 

The author, who is a member of the scientific staflf of the 
National Institute for Medical Research, London, summarises 
and reviews, with the aid of statistical methods, his results 
from more than ten years’ experiments (1932 to 1942) with 
dusts. Mice in respiratory chambers were exposed once an 
hour, for six hours, on five days of each week for a year, 
to a moderate cloud of dust from various substances which 
have been under suspicion as causes of lung cancer in man. 
After the dusting was completed, the mice were not killed 
but were allowed to fulfil their allotted span of life. The 
author compares his findings with those elucidated from 
statistics of human lung cancer in Great Britain (Kennaway 
& Keimaway, 1936 ; Turner & Grace, 1938), and he refers 
also to the results of outstanding interest in other countries 
such as those reported for human lung cancer iu Schneeberg 
(Rostocki, 1928 ; Schmorl, 1928) and in St. Joachimsthal, 
Czechoslovakia (Krchan & SikI, 1932). He compares these 
statistical data for human limg cancer with Ws data for mouse 
lung cancer as regards : 

a. Agents which increase the incidence of lung tumours ; 

b. the time factor and the influences of age and sex ; 

c. the factors of susceptibility and heredity ; 

d. the morphology of the tumours. 

Reference is also made to the influence of irritation, both 
chemical and mechanical. 

The dusts tested by the present author on mice include those 
containing benzpyrene from tarred roads, similar road dust 
with the tar removed by benzene, Czechoslovak dust con- 
taining some radium and arsenic, Czechoslovak dust without 
radium and arsenic, a nickel dust mixture containing arsenic 
which has increased the incidence of lung cancer in certain 
industrial workers in Great Britain, anthracite coal, bitu- 
minous coal, coal soot, exhaust soot from an internal com- 
bustion engine, steel grindings, silica, brown oxide of iron, 
alumina, and calcium carbonate. 

The evidence of statistics for human lung cancer indicates 
that an abnormal Uability to this disease has been observed 
among workers exposed to coal gas and tar, those engaged in 
the preparation and sale of tobacco, metal grinders, engineers, 
foundry workers, silica workers, chromate workers, workers 
with a nickel dust mixture, and Czechoslovak pitchblende 
miners. Also a rather high incidence has been observed in 
those whose occupation exposes them especially to road dust ; 
these include paviours, road sweepers, and drivers of horse- 
drawn and motor vehicles. The inorganic substances, there- 
fore, which appear to be dangerous to man include radium, 
arsenic, a nickel dust mixture, iron, and silica. With dusts 
containing these inorganic substances the inddences of lung 
tumours and lung cancer were definitely increased in the 
author’s mice. The tarred road dust, with and without the 
tar, also increased the inddence of lung tumours in the mice, 
sometimes to a very high degree. In these respects, the results 
obtained in the dusting experiments with mice resemble those 
obtained from statistics for man. 

With iron oxide the tumours produced in the mouse’s 
lung were more numerous and malignant than those produced 
by silica. The author (Campbell, 1943) has recently pointed 
out that the silica dust did not produce silicotic nodules 
in the mouse’s lungs, although the incidence of lung tumours 
was increased and there were sificotic nodules in the tracheo- 


bronchial lymph nodes of about half the mice. He suggests 
that when silicotic nodules are produced in the lungs, cancer 
may be Inhibited, and also points out that sificotic nodules 
may be regarded as simple multiple tiunours. 

With the aid of the microscope it was possible to distin- 
guish between eight degrees of dust deposit in the lung tissue. 
When the dust deposit occupied about three-quarters of the 
lung tissue, it was arbitrarily termed a very heavy deposit, or 
100 % deposit. Half this amount or a moderate deposit was 
termed a 50 % deposit. Most of the dust deposits which 
produced lung tumours in mice were only moderate or less 
in degree. From this the author concludes that the main 
effect of certain dusts in the development of lung cancer is 
a prolonged chemical irritation, but it is not possible to ex- 
clude entirely some effects of prolonged mechanical irritation 
by the harder or larger deposits of dust. Such large masses 
might produce a local stoppage of circulation with a resulting 
anoxia for the cells among the dust. TTie lymph tissue in 
the lung and tracheobronchial lymph nodes also contained 
deposits of dust which produced hypertrophy of the lymph 
tissue. 

With regard to the influence of age, or the time factor, the 
large majority of deaths from human lung cancer occur after 
the age of 55 years — ^that is in the closing stages of life. 
Similarly in the mice experiments (Campbell, 1942) the 
tumours of the lung are rare until the last quarter of the 
average mouse life of two to three years. It is possible by 
means of intravenous injection of very small quantities of 
some of the new carcinogenic agents to produce lung tumours 
very early in certain strains of mice (Andervont & Shimkin, 
1940). The author indicates that it is doubtful whether, 
with such rapid action, these results can be applied to the 
usual cases in which a prolonged action seems necessary, 
unless under these conditions inhibitory agents are present. 
Such inhibitory agents seem to occur in some mice whose 
lungs are very resistant to intravenous injection of powerful 
carcinogenic agents (Heston, 1942). 

In human lung cancer males appear to be affected much 
more often than females, but some observers find that for 
simple adenoma the reverse is the case. Sex had no marked 
effect on the incidence of lung tumours in the mouse experi- 
ments (Campbell, 1942), but both the male and female mice 
were equally exposed to the dusts. In man, environmental 
conditions are usually different for the two sexes for a great 
part of the day and the author suggests that the entry of 
women into industry during the war may in time change the 
distribution of human lung cancer between the sexes. 

The milk factor, recently discovered by Bittner (1942) of 
the U.S A. to be so important for the development of mam- 
mary tumours in mice, has apparently no influence on the 
incidence of lung tumours. It is evident, however, that by 
close inbreeding (Strong, 1936) with brother-to-sister matings, 
it is possible to produce strains of mice either very susceptible 
or very resistant to development of lung tumours. In this 
respect, heredity is important, and in man there is a suspicion 
that some degree of inbreeding may have had an influence in 
the production of the high incidence of lung cancer in the 
Schneeberg and St. Joachimsthal miners, since there are 
similar mines in other parts of the world where there is no 
such high incidence of lung cancer. In the Czechoslorak 
region there are also cases of lung cancer among men who 
have never been in the mines. This seems to indicate some 
influence of heredity or some factors, for example iron and 
silica, present in the outside dust as well as in the mine dust. 
The factor which renders an individual susceptible to the dust 
is unknown. 

Nucleoprotein is stated to be present both in the genes, 
which are concerned with heredity, and in certain viruses 
(Stanley & Knight, 1941). The author suggests that some 
link or chain in nucleoprotein may provide the bridge between 
the heredity theory and the so-called rirus theory held by 
some observers for cancer in general. So far, there is no 
evidence that a virus is concerned in lung tumour develop- 
ment, unless a virus is similar to a gene. 

In his dusting exf>eriments. the author has produced mouse 
lung cancers which resemble closely human lung cancers in 
their morphology and the present paper contains photo- 
micrographs of mouse lung cancers to illustrate this point. 
Almost all the types of cancer cells found in human lung 
cancer have been obtained in mouse lung cancers. These 
include the usual columnar cells of adenocarcinoma, spindle 
f-pUg^ large and small oat cells, spheroidal c e lls, round cells 
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,;r,o ';i;onai cells between these types. Metastases com- 
pc-^cd of these various types of cells have also been obtained. 

The author concludes from his experiments that there is 
a similarity between human lung cancers and mouse lung 
cancers as regards; (i) agents which increase the incidence 
of these tumours ; (ii) the time or age factor ; (iii) some aspects 
of the factor of susceptibility ; (iv) morphology of the tumours. 
The dusts which were found most active in producing lung 
tumours in mice include tarred road dust with and without 
tar, Czechoslovak pitchblende dust, iron oxide, silica, and 
a nickel dust mixture containing arsenic, and the author con- 
siders that the main effect of these dusts is a prolonged chemical 
irritation. He also observed an hypertrophy of the lymph 
tissue in the lungs and in the tracheobronchial lymph nodes 
as a result of the exposure to the dusts. He states that there 
is no fundamental reason why the results obtained for lung 
tumours in the mouse experiments with dusts should not be 
applied to man. 
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FAILURE OF ALUMINIUM TO PREVENT EXPERI- 
MENTAL SILICOSIS 

by T. Belt & E, J. King, Journal of Pathology and Bac- 
teriology, 55, 69-73, January 1943 

The research reported in this paper from the Department of 
Pathology of the British Postgraduate Medical School, 
London, is an attempt to confirm the important work of 
Denny, Robson & Irwin (1939) in which they found that 
experimental silicosis produced in rabbits by inhalation of 
powdered quartz could be prevented by admixture with 
aluminium pi wder, in the proportion of 1 part of the latter 
with 99 parts of quartz. TTie present authors used Kettle & 
Hilton’s (1932) method of intratracheal insufflation instead 
of simple inhalation, and employed rats instead of rabbits. 
A single dose of dust was delivered into the lungs of each rat 
by means of a syringe inserted into the trachea. The dust 
was suspended in a fluid medium containing equal parts of 
saline and milk to emulsify the powdered aluminium. Each 
cubic centimetre of fluid contained 2 mg. of aluminium to 
100 mg. of quartz and each rat received 1 -5 cubic centimetres. 
The aluminium, however, failed to inhibit the development of 
silicotic nodules, although nearly all the nodules contained 
obvious collections of aluminium particles in their midst. 
Also in histological appearance there were no important 
differences from the nodules produced by the quartz alone. 
Chemical analysis of the lungs proved that the lungs contained 
aluminium and silica in a proportion higher than I in 100 
which Denny and his colleagues found sufficient to inhibit 
the nodules. These observers maintain that this inhibition 
depends upon the formation of the hydroxide of aluminium 
and the present authors suggest that the failure of the alu- 
minium to prevent silicosis in their experiments may be due 
to its being insufficiently hydroxylated. The reason for this 

is not known. _ _ 

The authors also carried out some expenments in which 
20 to 50 mg. of aluminium suspended in milk-saline were 
injected into the trachea without sih'ca. They found that 
aluminium itself is capable of producing considerable patho- 
logical change. The metallic particles tend to collect in the 
terminal bronchioles, forming compact nodular masses which 
usually become incorporated in the bronchiolar mucosa, 
often bulging into the lumen, Uke a polypus, with bronchial 


epithelium covering them. Relatively little of the aluminium 
dust gets past the terminal bronchioles into the air sacs. 
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RADIOLOGICAL APPEARANCES IN THE DEVELOP- 
MENT OF COAL MINERS’ PNEUMOKONIOSIS 
by E. A. Aslett, T. W. Davies, & T. I. Jenkins, British Journal 
of Radiology, 16, 308-313, October 1943 

The radiographic appearance of the lesions of pneumo- 
koniosis arc well known, but the way in which they develop 
has not been studied so extensively. This paper is based 
upon the survey of 31 coal miners who were first jr-rayed in 
1938 during investigations * organised by the Medical Research 
Council, and were re-examined in 1942, 31 years later. It was 
found that simple nodulation, seen in the earlier stages of the 
disease, developed into coalcsccnl nodulation and finally 
into massive shadows. As well as these solid areas of fibrosis 
which produce massive shadows, a diffuse fibrosis develops 
in the advanced cases, which causes scarring and contraction 
and may be a factor in the production of generalised em- 
physema. In 4 cases the development of the disease was 
observed by tomography. This showed that the lesions were 
usually more extensive than they appeared on ordinary ;c-ray 
examination. The tomographs also suggested that, as the 
disease advances, the nodules are drawn together to form 
increasingly compact lesions which eventually become 
massive shadows. 
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CARCINOMA OF THE LUNG ; The Value of Sputum 
Examination in Diagnosis 

by F. J. S. Gowar, British Journal of Surgery, 30, 193-200, 
January 1943 

The author describes the results of examination of the sputum 
from 93 patients with suspected neoplasm of the lung, using 
the “ wet-film ” method described by Dudgeon (1936), The 
following is a brief description of the technique : 

Fresh sputum, expectorated by the patient on waking in the 
morning, is collected and poured into a Petri dish. Blood-streaked 
portions or solid fragments are picked out for examination and 
smeared on slides. The procedure is then as foHosvs : 

i. Fix, by immersing at once in a bath of Schaudinn’s solution ^ 
for 20 minutes, 

ii. wash in 70 % alcohol, containing a trace of iodine, 

iii. stain with Mayer’s ha;malum ^ for H to 2 minutes, 

iv. wash with tap water, 

V. counterstain with weak eosin, 

vi. dehydrate, and mount in Canada balsam. 

The slides are examined systematically with a low-power 
objective, and any suspicious groups of cells are examined 
with greater magnification. The cells seen in norma! sputum 
are squamous epithelial cells from the mouth and phaiynx, 
and alveolar phagocytes (dust cells) from the lungs. In 
pathological conditions other types may be seen, such as 

^ Schaudinn's solution : Absolute alcohol, 1 vol. Saturated 
aqueous solution of mercuric chloride, 2 vols. To this stock 
solution, add glacial acetic acid to the strength of 3 % immediately 
before use. 

’ Mayer's htrmaltim slain: Haimatoxylin, 1 gram. Distilled water 
1,000 cm.= Heat to dissolve and add sodium iodate 0-2 gram, 
ammonium aluminium sulphate 50 grams, glacial acetic acid 20 cm.® 
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pus cells, eosinophils, lymphocytes and s\vollen alveolar cells. 
MaUgnant cells occur in groups and stain more darkly than 
the other cells. Their nuclei vary in size and shape, and often 
contain nucleoli or mitotic figures. Considerable practice is 
necessary before mafignant cells can be recognised with cer- 
tainty, but with experience it is even possible to tell the type 
of carcinoma from which the cells originated. 

Of the author’s 93 cases, 65 had definite -or probable 
primary growths of the lung ; 36 of these had recognisable 
malignant celts in the sputum. In no case was a mistaken 
diagnosis made from sputum examination. Of the 36 
patients whose sputum contained carcinoma cells, 13 had 
early g^o^vths and appeared operable, showing that the test 
is of value in the early diagnosis of carcinoma. 

The author suggests that this test is a valuable addition to 
the methods of investigating cases of suspected bronchial 
neoplasm. It does not replace other diagnostic procedures, 
such as bronchoscopy but it has the same value as the 
examination of the sputum in pulmonary tuberculosis. A 
positive result proves the diagnosis, but a negative sputum 
test for carcinoma cells does not exclude the presence of a 
bronchial carcinoma. 

This article also includes protocols of a number of typical 
cases, and some colour photomicrographs of carcinoma cells 
in sputum. 

Reference 

Dudgeon, L. S. (1936) St. Thomas's Hasp. Rep. 1, 51 
257 

BACTERIOLOGICAL INVESTIGATIONS IN A MASS 
CHEST SURVEY 

by J. W. Bigger, Lancet, 2, 699-700, 4/12/43 
A preliminary miniature radiography survey of British Army 
persotmel svas carried out by Major P. Kerley in 1942, and 
full-size films were made of 5,737 radiologically abnormal 
cases. The present paper reports the findings in 20 of these 
cases referred for bacteriological investigations. The results 
of examination are set out in the table below : 
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In all 10 cases diagnosed or suspected as active pulmonary 
tuberculosis, tubercle bacilli were demonstrated. The bacilli 
were also found in 3 other cases in which active pulmonary 
tuberculosis was not suspected on radiological or clinical 
grounds. The author concludes that culture of both sputum 
and fasting gastric juice is a practicable, valuable and early 
diagnostic method. 
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THE VALUE OF EXACT SPUTUM EXAMINATION 
(LARYNGEAL SWAB CULTURE) IN THE DIAGNOSIS 
AND MANAGEMENT OF PULMONARY TUBERCU- 
LOSIS 

by D. Mumo-Ashman & E. Nassau, Tubercle, 24, 79-84, 
May 1943 

The authors refer to the difiBculty of demonstrating tubercle 
bacilli in patients with minimal lesions. At the Middlesex 
County Sanatorium, Harefield, for the last three years, they 
have employed, in such cases, the techm’que of laryngeal swab 
culture as described by Nassau (1941). This technique is 
summarised, and its application is Illustrated by eight case 
reports. 
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SURGICAL TREATMENT OF BRONCHIAL CARa- 
NOMA 

by R. C. Brock, British MedicalJournal, 2, 257-259, 28/8/43 
Primary carcinoma of the bronchus is a common condition 
in Britain at the present time, and ranks next to cancer of 
the colon in frequency in men. Although deep xr-ray therapy 
may produce a temporary improvement, surgery is the only 
form of treatment which can achieve a cure. Early diagnosis 
is essential if surgery is to be successful, and the slightest 
s)mptoms in a middle-aged man should be regarded with 
suspicion and thoroughly investigated. 

The commonest early symptom of a bronchial carcinoma 
is cough; later bronchial obstruction occurs and this is 
followed by infection of the lung. Recurrent pulmonary 
sepsis, or the delayed resolution of a pneumonia, in a middle- 
aged patient should rouse the suspicion of malignant disease. 
Necessary investigations include good antero-posterior and 
lateral radiographs of the chest, bronchoscopy and sometimes 
bronchography. 

Four questions are commonly asked about the operation 
of pneiunonectomy for bronchial carcinoma, and Brock 
^ves answers to these questions based upon his own 
experience : 

i. ffow often is it possible to operate 7 In a total of about 
450 cases, seen over a period of 9 years, the chest was explored 
in 65, and of these 29 were found to be operable. Thus, at 
the present time, less than 10 % of the cases diagnosed are 
operable, a fact which clearly shows the importance of early 
diagnosis. 

ii. What is the mortality? Of the 29 operable cases 
(26 pneumonectomies and 3 lobectomies), 8 died from the 
operation, 7 died from recurrence of the growth, and 14 are 
alive and well. Many of these patients were in poor condi- 
tion and this number also includes some who undenxent the 
operation as long as 4+ years ago. Recently there have been 
numerous improvements in technique which are reduMg the 
mortality. In another series of 10 pneumonectomies and 
4 lobectomies for bronchial adenoma, there were only 2 deaths. 
Brock concludes that the mortality from pneumonectomy for 
carcinoma in a patient under the age of and in good con- 
dition, should not much exceed 10 %. 

iii. How long may the patient be expected to sunrise 7 In 
Brock’s series, 7 of the 21 survivors died of recurrence ; 5 of 
them within a year of operation. The prognosis is better 
when the growth is of the squamous-celled tjpe. 
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iv. How much can the patient do after a successful pneumo- 
nectomy? Disability is negligible or absent in almost all 
cases. Occasionally there may be a discharging sinus but 
this only occurred in one of Brock’s 21 cases. There is no 
deformity, and the patient is able to return to his previous 
occupation. 
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TIJE EARLY DIAGNOSIS OF NEW GROWTHS OF 
THE LUNG 

by W. D. W. Brooks, Practitioner, ISO, 75-81, February 1943 

For purposes of discussion the author defines "early” 
diagnosis of pulmonary neoplasms as their diagnosis before 
metastasis or local complications have occurred. He 
discusses the apparent rise in incidence of pulmonary neo- 
plasms, stresses the need for effective treatment, and believes 
that present diagnostic measures do not permit of identifica- 
tion at an early enough stage. New diagnostic measures 
are a necessity. In benign lung tumours early surgical 
intervention is simple and fairly safe, with good prognosis. 
Of benign bronchial tumours, adenomata are the most 
common ; the histological examination of material removed 
at bronchoscopy is the most important means of diagnosis. 
In bronchial carcinomata the examination of sputum by the 
wet film method of Dudgeon is an important diagnostic 
procedure, while bronchoscopic examination reveals nearly 
80 % of such growths. 
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CYSTIC DISEASE OF THE LUNG (BRONCHO- 
ALVEOLAR CYSTS) 

by F. E. S. Willis & J. Almeyda, Tubercle, 24, 27-36 & 43-58, 
February & March 1943 

The authors, from the Royal Chest Hospital, London, use the 
term “ broncho-alveolar cysts ” to include all varieties of 
lung cysts, both congenital and acquired, with the exception 
of mediastinal and pleural cysts, parasitic cysts and those 
arising from the breakdown of lung tissue. Calma (1941) 
pointed out that pulmonary cysts could be either bronchial 
or alveolar in origin and the authors suggest the following 
classification of cysts of the lung based on this division : 

a. Alveolar Cysts (containing air) 

i. Pneumatocele or solitary alveolar cyst 

ii. Cystic emphysema or multiple alveolar cysts 

b. Bronchial Cysts (containing air, fluid or both) 

i. Pneumocyst or solitary bronchial cyst 

ii. Cystic bronchiectasis or multiple bronchial cysts. 

In distinguishing between acquired and congenital cysts, 
the absence of pigmentation and the absence of pleural 
adhesions and other inflammatory changes suggest a con- 
genital origin. Both bronchial i.nd alveolar cysts tend to 
communicate with the bronchi and if these communications 
become partially obstructed, the cyst may become distended 
with air. Alveolar cysts have a thin wall which is lined with 
flattened epithelium and contains little muscular or elastic 
tissue. Bronchial cysts have smooth muscle, elastic tissue 
and sometimes cartilage in their walls and they are lined with 
columnar, ciliated epithelium. 

In a series of 85 patients considered to have cystic disease 
of the lung the authors found 60 of the bronchial type and 
25 of the alveolar type. The clinical picture depended on 
the extent of the disease and the occurrence of complications 
such as infection or tension within the cysts. Haemoptysis 
was uncommon with alveolar but common with bronchial 
cysts. In only one case was there any evidence of a familial 
tendency to the disease. Complications were present in 
the majority of instances ; spontaneous pneumothorax was 
the most common complication of the multiple alveolar 
type of cystic disease, while infection and its sequelre, such 
as pneumonia and lung abscess, were the most frequent 
complications of bronchial cysts. 

It may be impossible to distinguish radiologically between 
the solitary bronchial cyst and the solitary alveolar cyst. 
The former is usually the smaller and tends to have a thicker 
wall but, in both, the remainder of the bronchial tree may be 
norma! apart from distortion, and both may have bronchial 
communications. Multiple alveolar cysts have a typical 


“soap bubble” appearance on the x-ray film. Multiple 
bronchial cysts are of two types ; in one the affected area 
is a mass of irregular cystic spaces like a sponge, in the other 
there are multiple spherical dilatations of the bronchi. 

The authors do not discuss the treatment, but express 
the hope that a fuller understanding of the clinical and 
pathological features may help in deciding upon a suitable 
therapy in individual cases. The original paper contains 
21 illustrations (I diagram, 4 photographs, 2 photo- 
micrographs, and 14 radiographs). 
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EFFECT OF ALTITUDE ON CASES OF PNEUMO- 
THORAX 

by G. S. Todd & D. M. Anderson, Lancet, 2, 597-600, 
13/11/43 

This investigation was undertaken in order to ascertain the 
effect of flying upon patients with a pneumothorax. This is 
an important matter in wartime when it may be necessary to 
transport cases of traumatic pneumothorax by air. Five 
patients, each with an artificial pneumothorax, were investi- 
gated in a special chamber in which the pressure could be 
adjusted to represent the atmospheric conditions at various 
altitudes. In this chamber there were facilities for radio- 
logical and electrocardiographic examination, and for esti- 
mating the vital capacity and collecting samples of the 
alveolar air. 

As the pressure was reduced, the air within the pneumo- 
thorax expanded, the lung was compressed and the medias- 
tinum, if mobile, was displaced to the opposite side. The 
vital capacity was reduced and, at a certain pressure varying 
with the individual but corresponding with an altitude of 
between 4,000 and 8,000 feet [about 1,220 to 2,440 m.], the 
patient began to complain of dyspncca and distress. Patients 
with a mobile mediastinum appeared to tolerate high altitudes 
better than those with a fixed mediastinum. The partial 
pressures of oxygen and carbon dioxide in the alveolar air 
showed a progressive fall, but the symptoms were due to the 
mechanical effect of tension rather than to oxygen lack. The 
electrocardiographic changes were negligible even when 
there was marked lateral displacement of the heart. 

The authors conclude that no patient with a pneumothorax 
should be transported by air at a height greater than 4,000 feet. 
Patients with tension-pneumothorax should not be carried 
by air at all unless a needle or intercostal catheter has pre- 
viously been inserted into the pleural cavity and a doctor is 
in attendance to adjust the pressures during the flight. Pilots 
or passengers with an artificial pneumothorax should not fly 
above 4,000 feet for any length of time and should on no 
account go above 8,000 feet. 

The paper is illustrated by serial radiographs taken at 
different atmospheric pressures and by diagrams of the screen 
appearances. 
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SOME OBSERVATIONS ON EIGHTY CONSECUTIVE 
CASES OF INTERNAL PNEUMONOLYSIS 
by R. S. Barclay, Edinburgh Medical Journal, 50, 554-557, 
September 1943 

This short paper is based on a series of 80 patients under- 
going artificial pneumothorax treatment in whom thoraco- 
scopy with section of .adhesions was performed at Ruchill 
Hospital, Glasgow. 

The total number of thoracoscopies was 103, as some 
patients required more than one intervention. 

In 57 patients there was an obvious cavity, closure of which 
was prevented by adhesions. In the remaining 23 patients, 
adhesions were preventing concentric collapse of the lung. 
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The author classifies his results as : 

Group A (62-5%): Complete division of adhesions and 
control of the disease. 

Group B (10 %) : Incomplete division of adhesions, but 
control of the disease. 

Group C (15 %) : Incomplete division of adhesions and 
disease not controlled. 

Group D (12'5%): Impossible to cut adhesions because 
of fusion of lung with chest wall. 

There were no deaths in the series, and patients were little 
disturbed by the operative procedures. 

The author points out that over 70% of unsatisfactory 
types of pneumothorax were converted to satisfactory types 
by this treatment. 
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PNEUMOPERITONEUM IN THE COLLAPSE THERAPY 
OF PULMONARY TUBERCULOSIS 
by E. aiSbrd-Jones & N. MacDonald, Tubercle, 24, 97-107, 
June 1943 

The authors, who write from the Middlesex County Sana- 
torium, South Mimms, claim that pneumoperitoneum is a 
useful adjunct to other forms of collapse therapy. They 
have had experience of over 60 cases so treated and observed 
for periods of 3-15 months. Ten of these cases are described 
in detail in the present paper. The rationale of the method, 
the indications for its use, and the sequete and complications 
are discussed. A full description of the technique is ©ven. 
The pajjer is illustrated by reproductions of 16 radiographs. 
The authors express their intention of publishing at a later 
date a fuller report based on a larger series of cases. 


Surgical Treatment of Pulmonary 
Tuberculosis 

In the modem treatment of pulmonary tuberculosis, more 
and more stress is being laid upon the necessity of closing 
tuberculous cavities. When collapse therapy is indicated, it 
must be based on sound mechanical principles and it must aim 
at cavity closure. For this reason the following three papers 
[BMB 265, 266, 267j are of particuiar interest. In them 
C. Price Thomas {Assistant Surgeon to the Brampton Hospital, 
London) discusses the mechanism by which cavities in the lung 
may become closed and gives a detailed description of the 
technique and results of the modern thoracoplasty operation. 
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PULMONARY CAVITIES : Their Persistence and Closure 
by C. Price Thomas, British Journal of Tuberculosis, 36, 
4-19, January 1942 

It has long been recognised that the healing of a pulmonary 
cavity is accompanied by obliterative changes in the bronchi 
which drain it. The author suggests that a very early cavity, 
produced by the rupture of a tuberculous focus into a 
bronchus, will tend to close spontaneously as a result of the 
inherent retractility of the lung, provided that there is free 
bronchial drainage and sufficient healthy lung around the 
cavity to allow compensatory emphysema to occur. 

Persistence of such a cavity may be due either to continued 
ulceration of the lung, to the traction of the chest wall, or 
to the inflationary action of the bronchial air stream ; the 
last factor is probably the most important. It is suggested 
that the tuberculous process causes a partial stenosis of the 
draining bronchus, so that air is trapped in the cavity and 
prevents it from closing. As the disease progresses, free 
bronchial drainage often becomes established, but by this 
time the affected area is usually adherent to the chest wall 
and this holds the carity open. Even at this stage, however, 
complete occlusion of the draining bronchi will cause ob- 
literation of the cavity by absorption of the air within it, 
if the lung can be relaxed. Therapeutic measures such as 
rest, artificial pneumothorax, diaphragmatic paralysis and 
thoracoplasty, cause tuberculous cavities to close by pro- 
moting obliteration of their draining bronchi. This takes 


place by diminution of the inspiratory traction on the 
bronchial walls and, in the case of relaxation methods, by 
redudng the calibre of the bronchi and thus converting a 
partial into a complete stenosis. 
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EXTRAFASCIAL APICOLYSIS WITH 
THORACOPLASTY 

by C. Price Thomas & W. P. Qeland, British Journal of 
Tuberculosis, 36, 109-138, July 1942 

The most perfect form of pulmonary collapse is that pro- 
duced by an artificial pneumothorax completely free from 
adhesions. This gives concentric relaxation of the lung, 
which in turn relaxes the cavity and its draining bronchi and 
eliminates inspiratory traction on the diseased area. 

The ordinaiy paravertebral or lateral thoracoplasty will 
close the cavity in only about one-third of cases, because it 
does not allow venical relaxation of the lung. In fact, 
when operating again upon a patient who has had a para- 
vertebral thoracoplasty, the forcible movement of the apex 
of the lung with each inspiration may readUy be seen. 

The combination of apicolysis with thoracoplasty over- 
comes this disadvantage and reproduces, as closely as possible, 
the conditions of concentric relaxation obtained by artificial 
pneumothorax. The apex of the lung should be mobilised 
in the extrafascial plane, rather than in the extrapleural 
plane, because it is then less liable to re-expand, there is less 
danger' of opening tuberculous cavities, and the procedure 
can be applied to aU types of case. Semb, who first described 
this operation, advocated the removal of the first 3 ribs 
only at the first stage. Price Thomas adds to this, resection 
of limited segments of the posterior ends of the 4th and 5th 
ribs. 

This new technique allows extensive stripping of the apex 
on the mediastinal surface and in the paravertebral gutter, 
but leaves a stable chest wall below the level of the 3rd rib, 
thus preventing paradoxical movement. The cavity and its 
drainage area can often be completely relaxed at the first 
operation, and over 90 % of cavities can be closed ^ this 
method in selected cases. Further resections of rib are 
carried out at later operations until relaxation has been 
extended downwards to include the 7th rib, so that the scapula 
can be properly bedded in front of the 8th rib. 

In the selection of cases for operation, the patients may 
be classified into three groups, 0) stationary, (ii) relapsing, 
and (iii) “ slipping,” according to the way in which their 
disease is progressing. Those in the first two groups are 
the most suitable for thoracoplasty. The relapsing case 
should be treated during a period of clinical improvement. 
Patients in the third group, who are slowly but progressively 
deteriorating, are occasionally suitable for operation ; for 
example, those with only a little, stationary disease in the 
relatively healthy -lung, and in whom deterioration is slow; 
but such cases require very careful selection. 

The age of the patient must ako be considered. Opera- 
tion is rarely indicated over the age of 45. The age of the 
disease is also important. If it is of 8 to 10 years’ duration, 
the prolonged toxtemia will often have impaired the patient’s 
capacity to tvithstand operation. 

Pre-operative treatment includes careful tuition in dia- 
phragmatic breathing and instruction in arm and shoulder 
movements. Patients are also made to practise wearing an 
oxygen mask, and are taught to cough gently but effectively. 

Local antesthesia is used for the operation, and includes 
blocking the brachial plexus and the intercostal nerves in 
the intervertebral foramina. The advantages of local anaes- 
thesia are: 

i. Quiet respiration, which reduces the paradoxical move- 

ment of the mobilised apex, 

ii. preservation of the cough reflex, enabling the patient 

to keep his bronchial tree clear during the operation, 

iii. reduction of ha:morrhage by the use of adrenaline 

mixed with the local antesthetic, 

iv. reduction of post-operative shock. 

At the first-stage operation, the 3rd rib is resected sub- 
periosteally, followed by the 2nd and then the 1st. The 
apex is then mobilised in the cxtrafasdal plane. The extent 
of the mobilisauon is determined by the t>-p«: of disease and 
the condition of the patient ; a soft apex and a toxic patient 
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are indications for restricted mobilisation, but in the case of 
a firm solid apex it is safe to resect the posterior parts of the 
4th and 5th ribs and to continue the separation down to 
this level. 

The second-stage operation is carried out 14 days after 
the first, if the patient’s condition is satisfactory. It consists 
of further rib resections to carry the relaxation below the 
level of the diseased area. Patients who are in poor con- 
dition require small rib resections with mobilisation at each 
stage. 

The most important accident which may occur during 
operation is the opening of a tuberculous pulmonary ca\nty. 
V^en this happens, the cavity should be aspirated, and 
mobilisation should be continued down to the 7th rib, thus 
freeing the cavity completely. It should then be closed 
firmly with three layere of catgut sutures. 

After operation, the patient is nursed in the semi-recumbent 
position, and oxygen is used freely when necessary. Ex- 
pectoration of sputum is encouraged by the administration 
of expectorants, wth small doses of morphia to allay the 
pain of coughing, and by firm manual pressure to support 
the mobile chest wall while cou^ing. Blood transfusion 
is occasionally required between the stages of the operation. 

Gentle arm and shoulder movements and breathing 
exercises are started on the 2nd or 3rd day after operation, 
in order to reduce scoliosis and to preserve the mobility of 
the arm. These exercises reduce the final deformity to a 
minimum. After the last stage, the patients are Jkept in bed 
for 12 weeks to allow firm healing of the cavity, and later 
they are given graded exercise at a sanatorium. 

Post-operative complications include: 

i. Atelectasis. This is seen in about 20 % of cases ; it is 
due to bronchial obstruction from retained sputum and 
occurs commonly on the 2nd or 3rd day after operation. 
The physical signs and j:-ray reveal displacement of the 
mediastinum to the affected side, with collapse of the lung. 
This is most common on the side of the operation. Treat- 
ment consists of encouraging expectoration, as already 
described, combined with postural drainage. In most 
instances the lung gradually re-expands but, in a few, pul- 
monary suppuration or tuberculous spread occurs. Such 
patients, if they survive, require a total thoracoplasty to 
relax the whole lung. 

ii. Spread oj tuberculosis. This may delay the operations 
but will usually resolve sufficiently to enable them to be 
completed. 

iii. Pneumonia due to other organisms. This is not 
common and it will sometimes respond to sulphonamide 
therapy. 

iv. Spontaneous pneumothorax. This may occur on either 
side. 

V. Infection of the extrafascial space. This is manifested 
by persistent pyrexia, and distention of the space can be seen 
in the radiograph. If, as is most common, the infection is 
tuberculous, the space must be aspirated, but if it is pyogenic 
the space must be drained with a tube, 

vi. Hemorrhage into the extrafascial space. This is 
treated by aspiration and blood transfusion if required. 

[A very full account of the operative technique, including 
details of the local anesthesia and many illustrations, is given 
in the original article.] 
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THE RESULTS OF THORACOPLASTY 

by C. Price Thomas & W. P. Cleland, British Journal of 

Tuberculosis, 37, 2-9, January 1943 

In this paper the authors review 120 cases treated by thoraco- 
plasty in a period of 7 years. The duration of observation 
after operation varied from 1 to 9 years, and there was a 
steady decrease in the operative mortality during the period 
under review, as increased experience was gained in selecting 
cases for operation and in technique. The more extensive 
modem thoracoplasty with apicolysis actually carries a 
much lower mortality than the earlier lateral thoracoplasty. 

Employing the classification of disease already described,^ 
it is shown that the mortality in the “slipping” case is six 
Umes S great as in the '• stationag " case. It is mleresling 
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that patients in whom the disease had been present for more 
than 2 years fared much worse than those with earlier disease ; 
this suggests that the operation should not be delayed too 
long in the hope that fibrosis will occur, for the longer the 
disease is present, tjw more extensive will it become. 

There is a direct relationship between the extent of the 
disease in either lung and the operative mortality. In a 
group of 30 patients with less than two-thirds of one lung 
affected, and minimal or no disease in the opposite lung, 
there were no deaths ; whereas in a similar group of 28 
patients with moderate disease in the contralateral lung 
there were 8 deaths. In a series of 23 patients with total 
involvement of one lung and moderate disease of the other, 
13 died. A pneumothorax is often of value in controlling 
disease in the contralateral lung before operation. 

The authors’ operation, embodying an extensive apico- 
lysis, is more effective than any other in promoting cavity 
closure. In fact, there was no failure to close the cavity in 
a series of 25 cases, whereas out of 72 patients treated by 
thoracoplasty with apicolysis down to the 4th rib only 
(Semb's operation), 41 still had open cavities. The great 
importance of cavity closure is clearly shown by the survival 
rates. Of 51 patients whose cavities closed after operation 
only 1 died, and in 3 the cavity re-opened. Of 45 patients 
who still had open cavities after operation, 11 died. 

The figures also show clearly that the operation of thoraco- 
plasty does not itself cause permanent incapacity, for in a 
series of 58 patients, 45 were working, in most cases at their 
previous occupation. The authors conclude that the more 
extensive thoracoplasty operations employing apicolysis 
increase the prospects of cavity closure and sputum con- 
version, but they do not increase the mortality or the risk 
of complications. 
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eXOSED SUCHON DRAINAGE OF TUBERCULOUS 
CAVITIES 

by T. H. Sellors, Tubercle, 23, 239-250, November 1942 

Until recent years the drainage of tuberculous cavities was 
rarely performed because of the fear of disseminating the 
disease by opening healthy lung tissue. Coryllos, Monaldi 
and others have now shown that closed suction drainage can 
be used successfully in the treatment of certain types of 
tuberculous cavity, and this method has been the subject of 
much recent clinical research in Great Britain. The present 
author reviews the results of this type of treatment in the 
light of his own experience of over 100 cases. He suggests 
that suction drainage should be applied only to the large, 
thin-walled, spherical type of cavity. Such a cavity is kept 
open because valvular stenoses of the bronchi which com- 
municate with it allow air to enter but not to escape from the 
cavity ; it is surrounded by a zone of compressed lung tissue 
which will re-expand and allow the cavity to close when the 
pressure of air within it is reduced. The ideal case for 
drainage is that in which the patient has a cavity of this type 
with little surrounding infiltration, and in which a pneumo- 
thorax has failed. Cases with multiple or thick-walled 
cavities and heavy pulmonary infiltration are not suitable 
for this form of treatment. The author stresses that suction 
drainage by itself will rarely produce permanent closure of 
a cavity and that it is most useful as a preliminary to some 
other form of mechanical collapse therapy, particularly 
thoracoplasty. 

In his description of the technique of drainage the author 
emphasises the importance of ensuring that the pleural 
layers are adherent over the selected site. If a large pneumo- 
thorax pocket can be induced, the insertion of a thoracoscope 
and powdering the lung surface with 0-5% iodine in talc 
powder is the best method of producing adhesions. In the 
case of a small pocket the injection of 0*1 to 0-3 cm®, of 
10 % silver nitrate solution [see also BMB 44] or 0-05 g. of 
sodium aurothiosulphate (“ crysalbine,” “ sanocrysin ”) in 
2 cm®, of saline solution has been found to be effective. 
When the pleura is adherent, the cavity is localised carefully 
by means of Ar-rays and fluorography, and_ a fine barium- 
impregnated rubber catheter is inserted into it with a special 
trocar and cannula. This operation is not performed under 
the A:-ray screen because of the danger to the operator’s 
hands. In treating an apical cavity the tube is usually in- 
serted through the first or second intercostal space anteriorly. 
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Continuous suction is applied to the tube by an electric 
pump, and the author advocates a negative pressure of 
3 to 5 cm. of mercury [compare BMB 269], Progress is 
controlled by serial radiograms, and the tube is shortened as 
the cavity becomes smaller. The patient usually feels 
immediate benefit from the treatment because the amount 
of his sputum is reduced. 

The results of cavity drainage in 82 cases are analysed: 
the size of the cavity was reduced in 49 instances, in 14 there 
Nvas no appreciable change, in 12 the cavity appeared to be 
obliterated, and in 7 it closed but reappeared. A thoraco- 
plasty was subsequently performed in 21 cases, but in most 
of these a less extensive operation was necessary than would 
have been the case if the cavity had not been drained. When 
performing an upper thoracoplasty after draining an apical 
cavity, the extent of the apicolysis may have to be limited to 
avoid encroaching on the track of the drainage tube. 

The author believes that the possible indications for cavity 
drainage will increase if it is understood that it is only a 
preliminary procedure and not a final form of treatment. 
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THE DRAINAGE OF TUBERCULOUS CAVITIES 
by R. J. C. Maxwell & M. L. Kohnstamm, British Journal of 
Tuberculosis, 37, 24-43, January 1943 
The authors, from the Surrey County Sanatorium, give a 
very full account of the technique and indications for the 
drainage of tuberculous cavities. Their apparatus for ap- 
plying suction consists of a pump with a regulating device 
designed to give a very gentle negative pressure. After a 
cavity has been drained, a suction of — 2 to — 4 cm. of water 
is applied during the day and discontinued at night ; this is 
increased very gradually over a few weeks until a maximum 
suction of —15 cm. of water is reached. Higher negative 
pressures are said to rupture the fragile capillaries in the 
cavity wall. These authors have studied the fistulre by which 
cavities communicate with the bronchial tree by means of 
x:-rays taken after iodised oil has been inserted into the cavity 
through the drainage tube. They consider that cavities 
which have more than four bronchial fistulse will not respond 
to drainage, but that those with three fistula or less will be 
reduced in size and very occasionally may become per- 
manently closed. They regard suction drainage as a pre- 
liminary to surgical collapse rather than as a curative pro- 
cedure, and they stress its value in improving the general 
condition of the patient and lessening the extent of the sub- 
sequent thoracoplasty. 
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ARUnCIAL BRONCHIAL OCCLUSION BY PLASMA 
CLOT IN THE TREATMENT OF CHRONIC TUBER- 
CULOUS CAYTTATION 

by D. Thomas, J. Gough & B. M. Still, British Journal of 
Tuberculosis, 37, 44-46, January 1943 
The authors, from Sulley Hospital and the Welsh National 
School of Medicine, working on the theory that occlusion of 
the bronchi communicating with a tuberculous cavity will 
allow the cavity to close, have evolved a means of plugging 
ttese bronchi. A Monaldi drainage tube is first inserted 
into the cavity and, theoretically, if the bronchial fistul® are 
then closed, suction on the tute will cause the cavity to 
become obliterated. Twenty cm.^ of blood are taken from 
the patient into a sterile tube in which 2 cm.® of a 1'35% 
solution of sodium oxalate have been evaporated to dryness. 
The oxalated blood is then centrifuged and the plasma is 
removed. One cm.® of the plasma is mixed in a test tube of 
1 cm. diameter with 0-2 cm.® of diodone [a mixture or loose 
combination of 3, 5-diiodo-4-pyridone-N-acetic acid and 
diethanolamine, knowB also as “ Per-Abrodil ” and " Pj'e- 
losil ”] and 0-8 cm.® of viper venom (Stypven). 0- 1 cm.® of a 
'^■5% solution of anhydrous calcium chloride is then added, 
and the clotting time is measured with a stop watch. This 
should be from one to three minutes at room temperature. 
Sufficient plasma to fill the cavity and its draining bronchi is 
then taken and mixed with the appropriate amounts of dio- 
done and viper venom ; finally the calcium chloride is added 
and the mixture is injected through the drainage tube into the 
ewity, during the last thirty seconds before it is due to clot. 
The authors claim that, if the injection is successful and the 


patient does not cough, firm plugs of fibrin form in the 
bronchi and occlude them. This work is still only in a pre- 
liminary stage but the results are promising. 
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WAR WOUNDS AND INJURIES OF THE CHEST 
by A. Tudor Edwards, British Journal of Surgery, 31, 74-86, 
July 1943 

This is a critical review by one of the most distinguished of 
contemporary thoracic surgeons and contains 89 references 
to the literature. 

The author discusses the incidence of wounds of the chest 
in previous wars and points to the relative increase in the 
number of chest casualties under modem battle conditions. 
In the section on non-penetrating injuries are discussed simple 
fractures of one or more ribs ; anterior and posterior frac- 
tures of several ribs resulting in partial collapse and para- 
doxical movement of a segment of the chest wall ; traumatic 
asphyxia ; injuries of the lung and pleura ; cardiac injuries ; 
and injuries from explosion blast. In the section on pene- 
trating wounds, tension pneumothorax, open pneumothorax, 
and indications for early operation are included. 

There are separate sections on abdomino-thoracic wounds, 
hemothorax,* late removal of foreign bodies, atelectasis in 
chest injuries, the value of radiology, wounds of heart and 
pericardium, diaphragmatic hernia, and transport. The use 
of sulphonamides in 'he prophylaxis and treatment of infec- 
tion receives attention iq different sections. 

* [see BMB 45 for a review of a paper by the same author 
on traumatic hcemothorax.] 
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THORACIC INJURIES : The Role of the General Surgeon 
in the Forward Area 

by C. Price Thomas, British Journal of Tuberculosis, 37, 
103-115, July-October 1943 

War experience in Libya has shown that the specialised 
thoracic surgery unit should be mainly concerned with the 
later treatment of chest injuries in relatively stationary areas. 

The more serious thoracic injuries often cause death by 
interference with the cardio-respiratory system before there 
is any possibility of removal to an operating unit. After 
the fiKt 48 hours, infection is the commonest cause of death. 

The fonvard (non-specialist) operating unit should aim at 
reducing shock, by the use of warmth, morphine, transfusion 
and oxygen. Radiographs should be taken when an jc-ray 
unit is available. The commonest causes of interference with 
the cardio-respiratory system are (i) open pneumothorax and 
(ii) tension pneumothorax. The author outlines the emer- 
gency treatment of both these conditions. 

Surgical emphysema is only occasionally severe. When 
present it should be treated by finding and dealing with its 
cause — often a tension pneumothorax. The older method 
of multiple incisions is discredited. 

Severe crushing of the chest wall, with paradoxical move- 
ments, requires strapping, reinforced by cardboard or plaster 
of Paris. Haemopericardium is not common, and it is doubt- 
ful whether surgical intervention should be attempted by 
the fonvard operating unit. Hajmothorax, except (i) where 
ribs are shattered on the entry side, (ii) in the case of para- 
sternal wounds, should be treated consen-atively by aspiration 
without gas replacement. 

The author concludes with a warning against too gr^t a 
reliance on chemotherapy. Scrupulous surgical technique 
remains essential. 
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THE PATHOLOGY OF CLOSED INJURIES OF THE 
CHEST 

by J. V. Wilson, British Medical Journal, 1, 470-4/4, hlAhS 
The conclusions of the author, who is sening with the 
British Army, are based on two years’ expjerienoe of per- 
forming routine autopsy ex amin ations on battle casualass. 
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By a closed injury is meant one in which the pleura has not 
been penetrated ; such injuries may be grouped under the 
following headings : 

i. Lacerations. Rupture of the heart or great vessels 
usually causes instant death. Laceration of the lung is 
common, rarely severe, and seldom causes death by itself 
but its complications may be fatal. The chief of these 
are hemorrhage, compression of the lung and infection. 
Hemopneumothorax is common and requires prompt 
treatment, the amount of air in the pleural cavity is usually 
not great, but bleeding is often profuse. Hemorrhage from 
the lung is rarely severe, as the pressure in the pulmonary 
artery is low, but bleeding from intercostal or the internal 
mammaiy vessels is often profuse and difficult to control. 
In addition, the blood acts as a foreign body and causes an 
outpouring of exudate from the pleura, which increases the 
volume of the effusion and the dehydration of the patient. 
Blood in the pleural cavity often remains fluid ; this may be 
due to the absence of thrombokinase in cases where there is 
little tissue damage, or to defibrination of the blood by the 
movement of the lung and heart. Compression of the lung 
by air, fluid, or both, is another common complication. 
Infection of the pleural contents from the lung can occur in 
closed injuries. 

ii. Contusions. Bruising of the thoracic viscera is most 
often seen in young subjects in whom the chest wall is elastic 
Myocardial contusions may be caused by a direct blow on the 
chest or by high explosive blast. The anterior surface of the 
ventricles is the most common site and the myocardium 
appears dark and hsemorrhagic, not unlike an infarct. 
Rupture of the heart may occur. Pulmonary contusion 
due to direct trauma produces an area of haemorrhage at 
the site of the blow and generalised congestion with small 
scattered capillary haemorrhages throughout the lung. The 
lesions are identical with those observed following exposure 
to blast. 

iii. Blast injuries. The common findings are scattered 
areas of haemorrhage throughout the lungs, both subpleural 
and deep in the parenchyma, dark subpleural haemorrhages 
along the lines of the intercostal spaces, and often extensive 
ha;morrhages posteriorly in the region of the apex and those 
parts of the lung in contact with the paravertebral structures. 
If the injuries are not immediately fatal, recovery is the rule, 
the haemorrhages coagulate and absorb like a pneumonic 
exudate. The chief complications are pneumothoraix, acute 
pulmonary cedema with heart failure, and bronchopneumonia. 
The lesions are probably due to the impact of the pressure 
wave on the chest wall and are therefore similar to contusions. 
Many cases also show bruising of the myocardium and 
mediastinal structures. The cause of death in blast injuries 
is still uncertain ; it may be due to the pulmonary 
hsemorrhages, to cerebral damage from compression, to 
ventricular fibrillation following contusion of the heart, or 
to air embolism. 

[see also BMB 274] 
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PATHOLOGICAL FINDINGS IN A SERIES OF BLAST 
INJURIES 

by J. V. Wilson & R. E. Tunbridge, Lancet, 1, 257-261, 
27/2/43 

A number of pathological studies on blast injuries have 
already been published. The present series is reported be- 
cause of the uniqueness of the incident, the large number of 
cases involved, and the strong evidence that blast alone was 
the cause of death. 

During a heavy dive-bombing attack at Malta, a bomb fell 
in front of, and within five yards from, the entrance of a deep 
and crowded tunnel shelter in solid rock, open at both ends 
and entered by three right-angled turns. Tlie flame p^sed 
straight into the entrance, blackening the rock, and survivors 
described a wind of tremendous force sweeping through the 
shelter. The electric light was extinguished and the inmates 
were thrown against each other. The bomb was probably 
of 500 kg. size. The entrance was completely demolished, 
but the shelter itself was intact ; the concrete roof of the exit 
was disturbed. Many of the occupants were sleeping in 
cubicles hewn in the rock at the sides of the shelter at the 
time of the explosion. Those standing in the entrance were 

dismembered. 


Help arrived within five minutes of the explosion. The 
first person to enter the shelter after the incident, thought at 
first that all the occupants were dead, as no one moved or 
answered. However, this was not so, and though all sur- 
vivors were confused and dazed some were later able to return 
home without medical treatment. There was no evidence 
of burning or noxious fumes. A number of persons in bunks 
near the entrance were dead. Amongst the fatalities (eleven 
immediate and one eight hours later) were twelve in which 
no external injuries were seen and death could be presumed 
to be purely an effect of blast. Postmortem examinations 
(excluding the brain and spinal cord) were made upon these 
and are described in detail in the original paper. The find- 
ing which was characteristic of all these cases was the presence 
of extensive bilateral pulmonary hEcmorrhages, associated 
with frothy blood-stained fluid in the mouth and upper 
air passages. The pulmonary haemorrhages involved the 
deeper portions of lung tissue, and were continuous with 
gross ecchymoscs on the surface of the lungs and visible 
beneath the pleura. These subpleural hemorrhages had no 
constant pattern and varied considerably in extent. Rib 
markings were a feature of all cases. The sites of election 
for the sub-pleural hemorrhages were the anterior margin, 
the costal surface, and the posterior surface of the lungs : 
the inferior margin was never extensively involved. Micro- 
scopically, there was hemorrhage into the alveoli and marked 
congestion of the alveolar capillaries, even in areas free from 
gross hemorrhage and, it is interesting to note, in a few cases 
there was oedema-fluid in the alveoli. 

In the abdomen, in six cases, the vessels of the omentum, 
mesentery and peritoneum were congested and surrounded 
by small ecchymotic ha;morrhages. There were no ruptures 
of abdominal viscera. In one case there was a rupture of 
the aorta. 

In their discussion of the cause of death the authors exclude 
poisoning by gaseous fumes or carbon monoxide, asphyxia, 
bums, fat embolism, and trauma other than that due to 
blast : they conclude that the primary lethal factor was blast. 
They concur with the view of Zuckerman (1940) that the 
lesions are produced by the traumatic effect of the blast upon 
the chest wall. They consider that the pulmonary lesions 
are not always of themselves sufficient to cause death and 
that, in such instances, the cause may lie in an acute effect 
upon certain vital centres. 

Reference 

Zuckerman, S. (1940) Lancet, 2, 219 

[see BMB 46 for a short list of papers dealing with the effects 
of explosion blast on the lungs ; also BMB 273 in this number.^ 
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THE SCOPE OF MODERN CHEST SURGERY 
by O. S. Tubbs, Practitioner, 150, 82-88, February 1943 

The author reviews the part of the surgeon in the treatment of 
acute empyema, chronic non-tuberculous empyema, lung 
abscess, bronchiectasis, bronchial tumours, chest injuries, 
suppurative pericarditis, patent ductus arteriosus, and angina 
pectoris. Surgical methods and post-operative care are 
referred to only in connection with diseases likely to be treated 
in small hospitals. The surgical treatment of pulmonary 
tuberculosis is excluded, as tuberculous patients are not 
usually referred to the surgeon by the general practitioner, 
to whom this paper is chiefly addressed. 
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REHABIUTATION OF THE CHEST CASE 
by F. R. Edwards, Lancet, 1, 81-84, 15/1/44 
In this paper from the Liverpool and North Western Unit 
of the Emergency Medical Service the author defines the 
special measures necessary for the restoration to optimal 
functional capacity of a patient who has sustained a chest 
injury or operation. Rehabilitation of the chest case is 
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based on the same fundamental principles as other forms of 
rehabilitation, but differs in detail. . 

Nearly all patients who enter a thoracic rehabilitation 
centre complain of dyspnoea on exertion. This is associated 
with a reduction in vital capacity attributable to (i) weak 
respiratory musculature from trauma and long rest in bed, 
(ii) damage or distortion of ribs, (iii) pleural thickening and 
adhesions, (iv) pulmonary fibrosis after destructive inflam- 
matory lesions, (v) loss of lung tissue, as in lobectomy or 
pneumonectomy, (vi) emphysema, which is commonly 
found in militaiy patients and often attributable to the un- 
naturally erect stance adopted, (vii) pain after fracture of ribs, 
operation, or insertion of drainage tubes. 

These factors leading to diminution in vital capacity may 
be present singly or in association. They should be separately 
assessed and the appropriate remedial measures should be 
taken. 

The investigation of the patient on admission to the re- 
habilitation centre includes a full history ; clinical and radio- 
graphical examination ; measurement of weight, chest 
expansion, and abdominal expansion. A spirographic 
tracing is taken, and gives information on tidal air; pul- 
monary ventilation in litres per minute ; vital capacity ; 
complemental air ; supplemental air ; and maximal breathing 
capacity. Deductions may also be made from the shape of 
the cur\’e (Coumand, Richards & Darling, 1939). 

The patient is then graded for e.\ercises and joins an 
appropriate class. Improvement is checked by re-examina- 
tion, and he progresses to higher grades. Fluoroscopy is of 
great importance in assessing defects, and areas of deficient 
ventilation are demonstrated to physiotherapists for special 
attention. This visual demonstration is of particular value 
to the . rehabilitation staff. Progress is also checked by 
radiography, physical measurements, and spirographic 
tracings (the use and analysis of these will be the subject of 
a later communication by the author). A standard exercise 
test is also described. 

As regards exercises, the first essential is the teaching of 
correct breathing, and this is started as soon as the patient’s 
phj'sical condition permits. Shoulder and scapula move- 
ments, with side-bending and rotating of the chest, develop 
the accessory muscles and resolve intermuscular and peri- 
articular adhesions. 

General exercises and games follow the usual lines, and 
instructors are trained to notice early signs of distress. In 
the different classes a competitive spirit is encouraged. To 
avoid fatigue, afternoons are free for recreation, entertain- 
ments and country walks. The author stresses the importance 
of early rehabilitation. 

From a considerable experience, the author believes that 
a chest rehabilitation centre can restore the majority of 
patients to a high level of performance in a remarkably 
short time. Patients should be allowed to go home occasion- 
ally during their period at the centre. 
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PULMONARY COMPLICATIONS OF THE COMMON 
COLD AND SINUSITIS : Findings in Mass Radiography 
by J. A. Kennedy, Lancet, 1, 769-771, 19/6/43 
The author reviews 100 examples of transient radiological 
opacities in patients with the symptoms of a common cold. 
Th^ shadows were noticed during the routine mass mim'ature 
j^iographic examination of Royal Air Force personnel. 
The pulmonary' shadows were commonly small, and almost 
always situated in the lower zones of the lungs. They were 
rarely accompam'ed by constitutional disturbance and the 
majority resolved spontaneously within two weeks. Coryza 
and a slight productive cough were the common symptoms, 
ut 9 of the 100 patients were symptomless. The condition 
inost comrrion in the winter months from December to 
ay , most patients commenced to have symptoms 7-14 days 
ore the radiographic examination, and only 11 were 
pyrexia! when examined. 

'^Sht lung wtis affected in 49 patients, the left lung in 
mth''° bilateral lesions. Only 2 patients had lesions 

e upper lobes, the majority being situated in the posterior 


part of the lower lobe. Radiographically the lesions were 
of 3 types, (i) patchy bronchopneumonic shadows, (ii) circum- 
scribed homogeneous opacities, and (iii) increased basal 
striations. The author suggests that these lesions were due 
to the inhalation of infected material of low virulence from 
the upper respiratory tract. 

[This condition differs clinically and to some extent radio- 
logically from the primary atypical pneumonia described by 
Drew, Samuel & Ball (1943). It is probably identical with 
a condition reported by Ramsay & Scadding (1939) which 
they called “ benign circumscribed pneumonia.”] 
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RADIOLOGY IN POST-OPERATIVE CHEST SURGERY 
by W. P. Cleland & A. M. Rackow, British Journal of 
Tuberculosis, 37, 55-63, April 1943 

The complications which follow operations on the chest 
are numerous and often require urgent treatment. Diagnosis 
is made difficult by the fact that the patient is so ill that 
easy physical examination is often impossible and radiological 
examination thus becomes of paramount importance. 
Radiographs of such patients present special problems and 
these are discussed by the authors. They stress the necessity 
for taking both true postero-anterior and true lateral views 
in order to obtain a complete picture of the thoracic contents. 
Considerable penetration is often necessary, usually 75 to 
85 kilovolts, and in many cases where lesions are obscured 
by fluid or by the heart shadow, a Bucky or stationary grid 
is an advantage, although this cannot be used if the patient 
has to be x-rayed in h''; bed with a mobile unit. The 
standard teleradiographi- distance of 5 feet [about 1-5 m.] 
should be used whenever possible, and the central ray from 
the tube should always be horizontal so that fluid levels 
tvill be clearly shown. 

Operations for the removal of tumours of the chest 
wall often penetrate the pleura, and there may be a 
post-operative htemothorax. Tangential radiographs tvill 
distinguish between this and a haematoma of the chest wall. 

After extra-pleural pneumonolysis, blood and serum may 
collect and clot in the extra-pleural space. This clot may be 
mistaken for a collection of fluid but its upper level will not 
change in position when the patient’s posture is altered. 

After an upper thoracoplasty combined with an extra-fascial 
apicolysis, a fluid level will be seen in the space originally 
occupied by the apex of the lung. Effusion or h$morrhage 
into this extra-fascial space, with or tvithout infection, 
produces an opacity in this area, the fluid level is no longer 
seen, and air is often driven up into the tissue planes of the 
neck. 

The management of collections of pus or fluid in the 
pleural cavity is one of the most frequent tasks of the thoracic 
surgeon. In determining the site for aspiration, the postero- 
anterior film will show the relation of the effusion to the 
anterior and posterior ends of the ribs, and the lateral film 
will show its situation in the sagittal plane. From these 
two views the surface markings of the effusion can be ou tlined. 
15 or 20 cm.-’ of iodised oil, introduced through the aspirating 
needle when an empyema is found, will sink to the bottom 
and outline the lower limit of the cavity when the patient is 
in the erect position. This is a useful guide for subsequent 
drainage. Opaque media such as iodised oil are also of 
great value in delineating pleural and pulmonao’ cavities 
radiographically after surgical drainage has been performed. 
When the opaque medium has been injected a postero- 
anterior film is taken in the prone or supine position and a 
lateral film in the erect position. These will show both the 
upper and lower limits of the cavity. r u • 

If iodised oil is not obtainable, a suspension of banum 
sulphate 50 parts and arachis oil 50 pans is effective. If a 
bronchial fistula is present, a thicker suspension must 
used which will not enter the bronchial tree ; banum sulptai^ 

50 parts and 25 parts each of arachis oil and liquid paratlin 
is a suitable formula. Before the radiographs arc taken the 
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drainage tube should be replaced by a strip of sterilised 
leaded rubber of the same length; this will show the relation- 
ship of the tube to the cavity. 

After operations on the lung such as lobectomy and 
pneumonectomy, there is usually an effusion of blood and 
exudate which tends to become loculated owing to the 
formation of fibrous septa. Penetrating films taken in the 
postero-anterior and lateral positions are of value in localising 
these pockets before they are aspirated. 


matic cases of pulmonary tuberculosis can be detected by 
chest x-ray examination. Although the miniature x-ray 
film proved its value, the routine use of 15 x 12 inch [about 
38 X 30 cm.] films would normally seem to be preferable in 
the case of difficult groups of patients such as those described 
above ; a possible alternative is the 5x4 inch [about 
13 X 10 cm.] mass-radiography unit for large-scale surveys 
of mental patients. 
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MASS RADIOGRAPHY IN WOMEN : A Review of 30,000 
Examinations 

by F. T. Clive, Tubercle, 24, 63-67, April 1943 

The subjects of this investigation were all recruits for the 
Women’s Auxiliary Air Force who had previously passed 
a thorough clinical examination, and this may account for 
the relatively small number of tuberculous cases discovered. 
525 (l-75%) of the 30,000 women showed radiographic 
evidence of pulmonary tuberculosis and 102 of these had 
active lesions. Comparing the results of this survey with 
those obtained by Trail (1942) in an examination of men of 
the Royal Air Force it is suggested that between the ages of 
17 and 20 active tuberculosis is twice as common in women 
as in men. Inactive lesions become more numerous as the 
age of the subjects advances, showing that the disease must 
often heal spontaneously. The total incidence of tuberculous 
lesions in the lungs is one-third higher in women than in 
men when all age groups are considered. Of the 102 subjects 
with active tuberculosis, 14 gave a family history of tuber- 
culosis and 29 had symptoms. In as many as 64 cases, no 
significant history of any kind was obtainable. In 52, the 
disease was early and small in extent ; in 66, abnormal 
physical signs were detected and in 18 the sputum contained 
tubercle bacilli. 

The most common non-tuberculous lesions were pneumonia 
and shadows due to catarrhal infections (13 cases). Various 
congenital abnormalities were discovered ; 32 (O-Il %) sub- 
jects had a lobe of the azygos vein and no less than 147 
(0-49 %) had a cervical rib. 

The author concludes that, in any mass radiological survey 
of women, about 3 % of the subj xts will require further 
examination with a full size x-ray film, and 4 women out of 
every 1,000 will require immediate hospital treatment. 
As an indication of the effect of preliminary selection by a 
strict physical examination the incidence of active tuberculosis 
in this series, 0-3 %, may be compared with the incidence 
ofO-63 % reported by Banszky (1942) in a survey of unselected 
factory workers. 
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TUBERCULOSIS SURVEY AT A MENTAL HOSPITAL 
BY MINIATURE RADIOGRAPHY 
by W. E, Snell, J. F, MacMahon & F. R. G. Heaf, Lancet, 
2, 636-638,20/11/43 


se writers examined 2,035 patients and 224 staff at 
vesden Mental Hospital by miniature radiography, 
austive clinical and pathological examination of suspects 
undertaken. Thirty-six apparently new rases of pul- 
lary tuberculosis were detected. In addition 87 cases, 
uding 37 with widespread calcification, seemed to have 
•tive lesions. The total incidence of tuberculosis was 
mated at 6 %, of which 2 % were active. The type of 
monary tuberculosis demonstrated was of interest. Most 
he patients were suffering from congenital rnental defects, 
were leading an inert, vegetative existence, with depression 
motor activity, incluffing respiratory movements and the 
eh reflex. In many, the disease process seemed to follow 
ubclinical and comparatively benign course, with spon- 
sous cure. The lack of symptoms, rareness of ravita- 
1 and frank hemoptysis, the negative bactenology and 
incidence of widespread calcification support this view, 
■rom their findings, the writers demonstrate that asympto- 


281 

PRIMARY ATYPICAL PNEUMONIA 

by W, R. M. Drew, E. Samuel & M. Ball, Ijancet, 1, 761-765, 
19/6/43 

The term “ atypical pneumonia ” is used to denote pneumonic 
consolidations other than those caused by any known virus, 
rickettsia, bacterium or chemical agent. The disease is not 
new, but the widespread use of radiography, for example 
in the Armed Forces, especially in influenza-like conditions, 
is leading to its more frequent recognition. The seasonal 
incidence of atypical pneumonia differs from that of 
pneumococcal pneumonia. November, February and March 
have been noted as the peak months, and its incidence 
corresponds with that of infections of the upper respiratory 
tract and the bacterial pneumonias. Young persons are 
particularly susceptible and the disease spreads by droplet 
infection. Fatal cases are rare and the pathology has not 
been studied extensively. 

The lesions seem to consist of an interstitial pneumonia 
and bronchitis with adjoim'ng areas of collapse, consolidation, 
and emphysema with muco-purulent exudate in the bronchi. 
Interstitial infiltration with mononuclear cells is a constant 
finding. The leucocyte count is normal or slightly raised 
with a relative increase in the mononuclear cells. The 
erythrocyte sedimentation rate is raised and the sputum 
contains mononuclear cells in addition to the normal bacterial 
flora. 

The retiology of atypical pneumom'a is unknown but 
similar pulmonary lesions ran be produced in animals by 
many viruses. In particular the physical, radiological, and 
pathological findings in pulmonary psittacosis are identical 
with those of atypical pneumonia and patients with the latter 
have shown blood antibody responses similar to those found 
in psittacosis. Andrewes & Mills (1943) have shown that 
psittacosis is commonly found in pigeons in Britain, and the 
fact that atypical pneumonia usually affects young people 
may account for its severity being less than that of psittacosis 
in older subjects. Attempts to find a relationship between 
the influenza virus and atypical pneumonia have failed, but 
similar pulmonary lesions are found in some rickettsial 
diseases. 

The authors describe 50 cases of atypical pneumonia 
occurring in Service personnel. The onset was usually 
gradual and was marked either by headache, malaise and 
aching limbs or by coryza, a painful throat, and retro- 
sternal soreness. Cough usually developed in from 2 to 5 
days. The headache was sometimes so severe that it resembled 
meningitis. The sputum was muco-purulent and not blood- 
stained, although small frank hsmoptyses occurred in 
3 cases. Pain in the chest on the side of the lesion was 
fairly common ; it was usually continuous and not pleuritic. 
Dyspnoea and cyanosis were uncommon; there was often 
a relative bradycardia. Most patients had a pyrexia of 
100° to 102° F. [about 38° to 39° C.] which subsided in 
7 to 10 days, but some were afebrile throughout. Pharyngitis 
was common, but there were often no abnormal physical 
signs in the chest. The average duration of the disease was 
33 days and complications such as encephalitis and otitis 
media were rare. 

No relationship was observed between the severity of the 
clinical findings and the size of the radiological lesion. The 
lesions were commonly found in the lower lobes and varied 
in size, rarely involving a whole lobe. In 6 rases the disease 
was bilateral. The usual radiological finding was an opacity 
of variable size and indefinite outline, sometimes having 
a reticulated appearance; the hilar glands were usually 
enlarged. The lesions can simulate those of acute tracheo- 
bronchitis, tuberculosis, abscess or resolving pneumococcal 
pneumonia, especially after inadequate sulphonamide therapy. 
A small area of bronchiectasis with surrounding consolidation 
can give a similar picture. All these conditions must be 
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considered in the difTcrential diagnosis. There is no specific 
treatment : the patient should be confined to bed during the 
acute phase. Drugs of the sulplionamide group have no 
effect on the course of the disease and should not be used. 
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CHILDHOOD INFECTION AND ITS RELATION TO 
ADOLESCENT AND ADULT PULMONARY TUBER- 
CULOSIS 

bv A. M. Maepherson, British Medical Journal, 2, 98-101, 
2411143 

This is the eighth of a series of reports published by the 
Research Department of the Brampton Hospital during the 
past 14 years, and it consists of a summarj’ of the previous 
reports, together with some conclusions which may be drawn 
from them. The references to the earlier reports are given 
at the end of this abstract. 

Report 1 (1930) was based on an analysis of the mortality 
rates from tuberculosis in children in England and Wales 
between the years 1898 and 1927. It showed the increasing 
incidence of young adult tuberculosis, although the general 
monality from tuberculosis in childhood was improving. 
In families attending the Brampton Hospital, it was found 
that there was a definitely increased mortality rate from 
tuberculosis among children under 5 who were living in 
contact with relatives with a positive sputum. 

Report II (1931). During the years 1930 and 1931, 1,220 
children were tuberculin-tested and were divided into two 
groups, (i) those who were known to ha\'e been exposed to 
tuberculosis and (ii) those with no history of contact. The 
number of positive reactors was almost twice as great in the 
contact as in the non-contact group. Under the age of 5 years 
the difference was even more striking, the number of positive 
reactors being 5 times greater in the contact than in the non- 
contact group. 

Report III (1932). Y-ray examination of the tuberculin- 
positive reactors showed that tuberculous pulmonary lesions 
of the adult type were rare in children. 

Report IV (1933). Re-investigation of some of these 
children after l-J to 2 years showed that, whereas the contact 
children acquired a high degree of tuberculin sensitivity at 
an early age, the non-contact children did not reach this 
degree of allergy during childhood. 

This work was continued over a number of years and 
included serial radiography of the children who showed 
lesions. Finally it was possible to form a fairly complete 
picture of primary tuberculosis of the lungs in childhood 
{Report VII, 1939). The condition was usually symptom- 
less and healed spontaneously in most cases. Enlargement 
of the hilar lymph glands sometimes produced complications 
such as atelectasis. Tuberculous meningitis occurred in a 
tew’ cases, and there was a striking relationship between the 
incidence of childhood tuberculosis and exposure to infection. 

The occurrence of primary infections in childhood was 
coiisidered to be a much less serious matter than the high 
incidence of tuberculosis in young adults, and a separate 
*'J''®^^‘Sation of this problem has been in progress since 
1936. It was noticed that, as the children grew into 
adolescence, lesions of the adult type began to appear in the 
'';ings. These lesions were usually small and single, often 
^tuated at the apex, and rarely gave rise to any symptoms. 
1 hey showed a tendency to spread and seldom healed spon- 
taneously if untreated, but it was often 3 to 5 years before 
the patient developed symptoms, and by that time a cavity 
''■as usually present. An analysis of 1,000 patients at 
rompion Hospital who developed pulmonary tuberculosis 
etween the ages of 15 and 25 showed a histoo' of contact 
inUxtion in 40 % {Report VI, 1936). 

In the majority of instances the disease was far advanced 


before the patient sought treatment. It therefore seemed 
probable that these lesions started as the small, symptomless 
foci already observed in adolescents, and this view was 
confirmed by a radiological survey of 2,381 young people 
bctw'ccn 14 and 21 years old {Report V, 1936). This was the 
first mass radiographic survey to be carried out in Great 
Britain, and it showed an incidence of pulmonary tubercu- 
losis of 0-65 %. Comparison of this figure with the official 
figures for the incidence of tuberculosis in the general popu- 
lation (0-4 % to 0-75 %) suggested that the majority of these 
symptomless infected adolescents must eventually break down 
and develop extensive disease. 

The treatment of a minimal lesion discovered by jr-ray 
examination in the lung of an apparently healthy young 
person presents a difficult problem. This type of patient 
does not respond readily to rest and sanatorium treatment, 
as he is active and feels well, despite the fact that the lesion 
is slowly spreading. If he is allowed to lead a normal life, 
it is probable that the diseased area will become adherent 
and that cavitation will occur, thus reducing the chances of 
successful treatment. 

It is suggested, therefore, that a shallow artificial pneumo- 
thorax should be tried as the treatment of choice for con- 
trolling a symptomless but progressive tuberculous lesion in 
the lung of an adolescent. This provides rest for the affected 
lung and also ensures that the patient is kept under regular 
observation. 

Many such patients have returned to their school or work 
within a few days of the induction of the pneumothorax and 
have remained well. It should not be necessary to maintain 
the collapse for more than 2 or 3 years. The results of 
this treatment have yet to be seen, but it is advanced as an 
alternative to other methods such as prolonged rest and 
sanatorium routine which have proved unsatisfactory and 
impracticable in cases of this type. 
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TUBERCULOSIS IN CHILDREN 
by J. C. Roberts, Lancet, 2, 2-4, 3/7/43 
This analysis of 100 consecutive cases at the Middlesex 
County Sanatorium, Harefield, illustrates some of the clinical 
features and sequel® of tuberculosis in infants and children. 
Fifty w'ere found to have a primary' complex in the lung, 
more commonly on the right side. Thirty-five of these had 
symptoms, the commonest being cough, fever, malaise, 
lassitude, loss of weight and gastro-intestinal upsets. Erj'- 
thema nodosum was noted in 5 cases. Perifocal infiltra- 
tion of the lung around the primary lesion was often well 
marked and in other cases there was pulmonary collapse 
due to bronchial obstruction by the enlarged glands (epi- 
tuberculosis). In some cases the parenchymal infiltration 
in the lung had spread and there was cavity formation. 

Of the patients who did not has'e radiological ewdenre of 
a primary complex in the lung, 14 had pleural effusions, 
8 had pulmonao’ tuberculosis of the adult type, / had cen.ral 
adenitis, and 3 showed signs of tuberculous pentoniUs. "rae 
lesions of the adult type responded weU to collap^ therapy. 

The author-emphasises that the occurrence of a pnrnao 
complex in a child usually causes symptoms ; it should 
rccoenised and treated carefully m an institution Th. 
importance of careful and repeated 

who are known to have had contact "“V .u ""i- in 
is also stressed. There was a history- of su.h coat... in 
60 % of this group of tuberculous children. 
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INCIDENCE AND 'mEATMENT OF TUBERCULOSIS 
IN CHILDREN 

by G. B. Fleming, Lancet, 2, 580-581, 6/1 1 /43 

It is not generally recognized that, in children dying of 
tuberculosis, by far the most usual route of infection is 
through the respiratory tract. The majority of children 
become infected with tuberculosis, but only a small pro- 
portion of these under one year old give a positive Mantoux 
reaction ; as age increases, however, positive skin reactions 
become more and more frequent, so that at the age of twelve 
50%, and at twenty 70% are positive. The incidence of 
tuberculous meningitis, the usual cause of death in such 
cases, falls with increasing age. The present paper, from the 
Department of Paediatrics, University of Glasgow, and the 
Royal Hospital for Sick Children, Glasgow, reports that of 
326 children dying of tuberculous meningitis, 70% were 
under four years old, while of 322 over seven years of age 
only 5 % died. The writer makes the important points that 
(fl) the majority of children are infected from a human source, 
and (b) the younger the age at which infection takes place, 
the greater the risk. Young children should be protected 
from infection. Those giving a positive tuberculin skin 
reaction should be removed to suitable surroundings and 
kept under observation for six months. 
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TUBERCULOSIS IN PEACE AND WAR 

by A. S. MacNalty, Tubercle, 23, 263, December 1942 

This paper, the author of which was until recently Chief 
Medical Officer to the Ministry of Health, contains a survey 
of the development and present position of tuberculosis 
^ services in Britain. In 1841 the Brampton Hospital was 
f founded, in London, for the treatment of the tuberculous. 
In 1887 Sir Robert Philip started at Edinburgh the first 
Tuberculosis Dispensary or clinic for tuberculous patients 
who were not confined to bed. In 1912 the National Tuber- 
culosis Service was established. Under this scheme each 
County Council, or County Borough Council, undertook to 
provide treatment for all forms of tuberculosis in its area, and 
dispensaries, sanatoria and hospitals were set up for this 
purpose. The scheme had only just started when, in 1914, 
war was declared. 

The British Isles suffered less from direct enemy action 
than in the present war, but, even so, the tuberculosis death 
rate rose from 988 per million in 1914 to 1,498 per million 
in 1918. This was largely due to overcrowding and lowering 
of resistance through physical and mental strain ; long hours 
of work in munition factories and a lowered standard of 
nutrition also contributed. In addition, the Tuberculosis 
Service was restricted owing to shortage of medical staff and 
restrictions on the building of sanatoria. 

The years of peace following 1918 were remarkable for 
many advances in the treatment of tuberculosis in Britain. 
These included the rise of thoracic surgery, improved radio- 
logical technique, and the foundation of Village Settlements. 
At the outbreak of the present war the mortality from all 
forms of tuberculosis in Britain was declining, and this im- 
proNcment was steadily maintained year by year and was 
especially marked among the young adult population. 

Since 1939 the expected war-time increase in tuberculosis 
has taken place ; the mortality rate rose from 26,250 in 1939 
to 28,619 in 1941. It has been calculated that the increase 
amounted to 6% in the first year and 10% in the second year 
of the war, and there has been a serious rise in the mortality 
from tuberculous meningitis. 

There are many factors to account for these figures. Mass 
radiographic surveys in the Fighting Services ^ have shown 
that 1 - 3% of Naval personnel and 1 -74% of Army personnel 
have radiological evidence of pulmonary tuberculosis, while 
about 0-3% have active disease. At the outbreak of war, 
evacuation from the cities tended to spread the tuberculous 
population into other areas where there were not adequate 

1 [For the results of such a survey in the Royal Air Force, 
see BMB 43.] 


means for treating them. Many hospitals have been bombed. 
An acute shortage of nurses has developed owing to the great 
demands of the Services and of industry, and this has caused 
a reduction in the beds available for the treatment of tuber- 
culosis. Overcrowding has occurred both in air raid shelters 
and in homes owing to black-out conditions ; this probably 
also accounts for the increase of tuberculosis in mental 
hospitals. These are the chief reasons for the spread of 
tuberculosis during the present war. 

Great efforts are being made to check this process. Lack of 
protective foods, fruits, vegetables, cheese, eggs and milk, 
may lower the general resistance in war time, and the diet is 
therefore being carefully planned. Milk supplies are being 
watched, particularly with regard to the control of infected 
cattle and pasteurisation of milk. Attempts are being made 
in factories to control the factors which lead to an increase 
in tuberculosis : these are overcrowding, employment of 
the unfit, employment of those unused to manual work, 
fatigue and deficient ventilation. 

The author advocates the adoption of the following im- 
mediate measures for the prevention and treatment of 
tuberculosis : 

i. The widespread use of mass radiography, particularly 
in industry, in order to facilitate early diagnosis. This is 
already being undertaken by the Ministry of Health. 

ii. The provision of more hospital and sanatorium beds 
for the treatment of patients diagnosed by mass radiography. 

iii. The development of Village Settlements. Such Settle- 
ments provide expert treatment for all forms of tuberculosis 
and work for those patients who are capable of it. They also 
provide the patient with a normal community life while 
segregating him from the general population. During the 
25 years since the founding of the first Settlement by the late 
Sir Pendrill Varrier-Jones at Papworth, no child born at the 
Settlement has contracted tuberculosis while living there. 
This proves conclusively that spread of the disease can be 
prevented under the conditions which prevail in a Settlement. 
These include proper hygienic precautions, adequate food, 
good housing, absence of anxiety, freedom from strain and 
the risk of unemployment, prompt treatment of relapses, and 
continuous medical supervision. Four Settlements of this 
type are already in existence, more are needed, and this kind 
of rehabilitation for the tuberculous should also be extended 
by the provision of special workshops where workers can be 
kept under medical control. 
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THE COMPREHENSIVE ATTACK ON PULMONARY 
TUBERCULOSIS 

by A, S. MacNalty, British Medical Journal, 2, 599-601, 
13/11/43 

This is the second Memorial Lecture to Sir Pendrill Varrier- 
Jones, founder of the Papworth Village Settlement for the 
tuberculous. The author enunciates certain principles for 
the guidance of the physician in the appropriate use of 
hospitals and sanatoria, and in the selection of tuberculous 
patients for different forms of treatment. At Papworth the 
tuberculous subject remains under constant medical, psycho- 
logical and social supervision. 

A greater incidence of pulmonary tuberculosis is to be 
expected at the end of the present war, and the Ministry of 
Labour has inaugurated a Scheme for Training and Re- 
settlement of Disabled Persons, in which certain types of 
tuberculous subjects are included. In outlining the pioneer 
work of Varrier-Jones, MacNalty records what is being done 
by the Government towards the rehabilitation of the tubercu- 
lous after the war and indicates the lines upon which further 
development is an urgent necessity. 
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RESPIRATORY TUBERCULOSIS : Effect of the War on 
the Length of the Interval between Notification and Death 
by E. Lewis-Faning, British Medical Journal, 2, 684-685, 
27/11/43 

In areas of England and Wales generally, the level of mortality 
from pulmonary tuberculosis in 1940-1941 was higher than 
in the years immediately preceding the war. In this report 
an attempt is made to measure to what extent the excess 
at least in the administrative county of Middlesex — was due 
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to a shortening of the duration of the disease brought about 
by lowered resistance in those already infected. 

At all ages combined it was found that deaths occurring 
from pulmonary tuberculosis in the three pre-war years 
1937-39 and in the two w’ar years 1940-41 were distributed 
according to the interval between notification and death in 
the following proportions : 



Males 

Interval 



in years 




1937-39 

1940-41 

Under 1 

% 

541 43 

V 

398 42 

1 - 

561 44 

390 41 

5 

169 13 

156 17 

All durations 

1271 

944 


Females 


1 

1937-39 j 1940-41 


384 

% 

41 

303 

% 

46 

426 

46 

! 275 

41 

120 

13 i 

i 88 

13 

930 


' 666 



No statistically significant change in the percentage d>'ing 
in the duration-groups in the two periods can be demon- 
strated for either sex. It is argued that if lowered resistance 
due to the \var had brought about some increase in mortality 
in 1940-41 from the death in those years of patients who 
otheraise might have lived to 1942 or later, some disturbance 
in the percentages would have appeared. (No change would 
occur had such an increase been equally effective at each 
duration-group, but this is a highly improbable supposition.) 

The analysis was applied not only to deaths at all ages 
combined, but to the deaths in age-groups. The results 
when tested statistically were- inconclusive, but suggested a 
small increase in the proportion of patients dying with 
durations of the disease of five years and over, accompanied 
by a decrease in the proportion \vith durations of one to 
five years. 

The author makes a comparison between the pre-war and 
war years as regards the average length of duration in age- 
groups. No differences greater than might be exF)ected from 
the play of chance were found and he concludes that " the 
analysis produced no conclusive evidence of any appreciable 
decrease in the average length of time between notification 
and death in the two years following the outbreak of war.” 

A word of caution should perhaps be given against accept- 
ing this result for Middlesex as generally applicable to other 
areas of England and Wales. The number of deaths per 
annum studied is relatively small and for larger areas, aggre- 
gates of areas, or industrial areas, significant differences 
might appear which would warrant contrary conclusions. 
However that may be, the work is valuable if only that it 
satisfies a long-felt need by supplying some indication of 
the pre-war distribution of deaths from pulmonary tubercu- 
losis according to duration of disease. 
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SURVIVAL RATES IN PULMONARY TUBERCULOSIS 
by B. C. Thompson, British Medical Journal, 2, 721, 4/12/43 
This paper is a continuation of earlier work (Thompson, 1 942) 
on^rvival rates of tuberculous patients with positive sputum, 
in the county of Durham. It might perhaps have been stated 
that the initial investigation covered a period when housing 
^as being condemned and replaced under Slum Clearance 
Orders, when chronic unemployment prevailed and mines 
were completely closed down, so that economic depression 
was general and family incomes were low. 

. original material consisted of 406 patients, all over 
jears of age, with pulmonary tuberculosis svith positive 
sputum notified in the Chester-le-Street tuberculosis dis- 
pensary area of the county of Durham, during the years 


1928-1938 inclusive. The histories of these patients were 
traced from the date of diagnosis at the dispensary until 
cither the anniversary of that date in 1941, or until the death 
of or loss of contact with the patient, whichever occurred 
first. 

In this later article the same 406 patients have been traced 
wherever possible to the anniversary of diagnosis in 1943, 
an additional two years. Clearly, those entering the ex- 
perience in 1938 can now have been followed up for five 
years, originally for only 3. 

By utilising the life-table method the probabilities (0 of 
dying each year after diagnosis, (ii) that having survived a 
given number of years the patient would survive a further 
five years, were calculated. The results of the extended 
analysis confirm and amplify the original. 

Of 100 sputum-positive patients, 40 die within a year of 
diagnosis. Little more than a quarter remain alive at the 
end of five years and about an eighth at the end of ten years. 
There is an even chance that patients who survive the first 
five years will not live another five years, but it may be safely 
considered that those who do have made a sure recovery. 
Those within age-group 30-39 have the most favourable 
chance. 

Reference 
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TUBERCULOSIS IN LONDON 

by \V. A. Daley & B. Benjamin, British Medical Journal, 

2, 712-713, 4/12/43 

During the period between the two world wars, both the 
incidence and mortality from pulmonary and non-pulmonary 
tuberculosis in the administrative county of London steadily 
declined, as judged by the trend of notification and death 
rates. Following the outbreak of war in 1939 the decline 
gave place to an increase. In this paper the authors have 
extended their previous study (Daley & Benjamin, 1942) of 
that change by the addition of figures for 1942. The results 
show a definite contrast between children and adults. 

At ages under 15 the notification rate, which in 1941 was 
about three times the 1938 level, fell to approximately only 
twice that figure. The death rate, which in 1941 was about 
400% higher than 1938, fell in 1942 to nearly the pre-war 
level. The numbers involved at these ages are small, and 
too much significance should not be attached to the results. 

A similar picture is presented as regards non-pulmonary 
tuberculosis. 

Amongst adults, on the other hand, the incidence continued . 
to increase in 1942. Mortality declined slightly for the 
pulmonary, but increased for the non-pulmonary type. The 
notification rate in 1941 for pulmonary tuberculosis was 
124 % of the 1938 figure ; in 1942, 130 %. Death rates fell 
from 151 to 136% for pulmonary, but increased from 150 
to 167 % for non-pulmonary cases. It is considered possible, 
as pointed out by Stocks (1942), that any decUne in mortality 
found in 1942 may be only temporary. 

Discussing the contrasts shown between children and 
adults, the authors suggest two reasons for the lower incidence 
found in 1942 amongst children. First, that the return 
from evacuation areas of healthy children reduced the pro- 
portion of tuberculous to the total number of children in 
the County of London, and secondly that the substantial 
reduction of living in air-raid shelters had a beneficial in- 
fluence. The continued increase in incidence amongst 
adults, it is suggested, is associated tvith the undiminished 
pressure of ^var production, the effects of black-out on 
ventilation, and the shortness or lack of holidays. 

References 
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MASS MINIATURE RADIOGRAPHY 

by R. R. Trail, H. G. Trenchard & J. A. Kennedy. London, 
J. & A. Churchill, 1943. 96 pages ; 24 illustrations. 8s. 6d. 
[£0.425] 

The authors of this little book write from a large practical ex- 
perience of mass examination of the chests of Royal Air Force 
personnel. The setting up and administration of a mass miniature 
radiography department are discussed and the necessity for the 
high technical quality of the miniature radiograph is emphasized. 
Accommodation, apparatus, lay-out and staff, records and the dis- 
posal of suspects are other matters carefully dealt with, and there 
are sections devoted to the interpretation of films, classification, 
record cards and accessory equipment. The book appears at a 
tirne when mass radiography centres are being organized throughout 
Britain. It should be of value in the organization and running of 
such centres. 
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CHEST EXAMINATION : The Correlation of Physical and 
X-ray Findings in Disease of the Lungs 
by R. R. Trail. London, J. & A. Churchill, 1943. 107 
pages ; illustrated. 10s. 6d. [£0.525] 

The main purpose of this book is to correlate the anatomy and 
pathology of the lungs with the physical findings — clinical and radio- 
logical. There is a summary of the anatomy and normal radio- 
logical appearance of the lung, a section correlating the abnormal 
physical and radiological findings in common chest diseases with 
the pathology, and some notes on physical signs and on reading 
films of abnormal chest conditions. 
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THE RADIOLOGICAL APPEARANCES OF EARLY 
PULMONARY TUBERCULOSIS. Ministry of Health 
Memorandum No. 268 

by R. R. Trail & P. Kerley. London, H.M.S.O., 1943. 
8 pages. 2d. [£0.008] 

The memorandum has been written jointly by a chest physician 
and a radiologist. In a short introductory note. Sir W. Wilson 
Jameson, Chief Medical Officer to the British Ministry of Health, 
refers to the need created by the development of mass radiography 
for a standard technique and the systematic study of abnormal 
radiographical appearances. In the first two pages, the essentials 
of a good pdstero-anterior radiogram of the chest are defined and 
the necessary equipment and technique are discussed. The re- 
mainder of the memorandum is devoted to a description of the 
varying radiological appearances in early pulmonary diagnosis. 
This section is illustrated by 21 small diagrams. 
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CARE OF TUBERC ULOSIS IN THE HOME 
by J. Max-vclI. London, Hcdder & Stoughton, 1943. 
105 pages. 7s. 6d. [£0.375] 

This is a resume of the essential points about tuberculosis and its 
effect on the social life of the patient, for whom it is written. The 
writer recommends that each step in treatment be explained to the 
patient, who should learn to control his own life and retain a 
healthy attitude towards his disease. There are chapters on the 
nature, symptoms and treatment of tuberculosis, on hygiene and 
prevention, and advice on occupation, marriage and diet. This 
book should prove a helpful guide to the tuberculous patient, both 
during his illness and on his return to working life, and also to the 
general practitioner who shares responsibility for his care. 
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medicine in BRITAIN 


by H. Clegg. London. Published for tiie British Council by 
Longmans, ^Green & Co., 1943. 46 pages ; 7 illustrations. 
Is. [£0.05] 


If even the informed foreign observer is often unable to discern a 
coherent pattern in the multiform edifice of British Medicin^it 
must be conceded that there is good reason for his difficulty. The 


multiplicity of medical degrees and diplomas, and of agencies con- 
cerned directly or indirectly with medical education and with the 
promotion of health in the school, in the home and in the factory, 
may sometimes seem to defy rational interpretation. In this book, 
British Medicine is compared to a network of English country roads. 
It might as aptly be compared to a large old house, to which, in 
response to the changing needs of successive generations, have been 
added bathrooms, electric light, central heating and, at different 
periods, modern structural extensions. 

Dr. Clegg has succeeded brilliantly in his difficult task of survey- 
ing British Medicine and explaining the evolution and purpose of 
its parts. His small book contains a wealth of authoritative infor- 
mation which is presented in the easily readable style of a natural 
writer. The function and character of the General Medical 
Council, file Medical Corporations (of which the Royal Colleges 
of Physicians and of Surgeons are examples), the Medical Research 
Council, the Ministry of Health, the British Medical Association, 
the “ Voluntary ’’ Hospitals, and other important institutions are 
clearly explained in the light of their historical development. The 
essential facts about National Health Insurance, industrial medicine, 
the tuberculosis services, the Indian and Colonial Medical Services, 
and such wartime developments as the Emergency Medical Services 
and the Emergency Public Health Laboratory Service are included. 

Although the final impression on the reader is one of cumulative 
progress, there is now in Britain an almost unanimous recognition 
of the need for substantial changes in the organisation of the medical 
services. Dr. Clegg’s last chapter is a useful short statement of 
the differing views of the profession on this important question. 

A “ white paper ” containing the proposals of the Ministry of 
Health for the future of British Medical Services has just been 
published by the British Government. These proposals will be 
freely discussed, and the medical profession will expect and has 
been promised ample opportunity for their consideration and 
criticism. As an aid to the understanding of the coming discussions 
of British medical services, “ Medicine in Britain ” should be 
invaluable. It should also be an indispensable handbook to the 
overseas medical visitor to Britain, or to medical men in other 
countries who wash to acquire without undue effort an integrated 
conception of British Medicine at a moment when it is at the 
threshold of great changes. 
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RECENT ADVANCES IN MEDICINE 
by G. E. Beaumont & E. C. Dodds. J.lth edition. London, 
J. & A. ChurchiU, 1943. 18s. [£0.9] 

This well-written survey of recent medical progress, the pioneer 
of the “ Recent Advances ” series, has attained its eleventh edition 
in nineteen years. The new edition has been enriched by the addi- 
tion of new material on penicillin, the sulphonamides and vitamins, 
blast injuries of the lungs, “ acid ” phosphatase, plasma protein 
regeneration and amino-acid therapy, the blood groups, the Rh 
factor, the dangers of blood transfusion, and thymectomy in 
myasthenia gravis. Methods for sulphonamide estimation in blood 
and urine are given, and additional notes are made on the treatment 
of haematemesis and on the use of the continuous intragastric drip 
for certain types of peptic ulcer. The sex-hormone chapter has 
been revised, and additions to the kidney chapter include descrip- 
tions of the specific gravity and inulin clearance tests, the corn- 
pression syndrome, and the dangers of mercurial diuretics. As in 
earlier editions, the book is liberally supplied with references to 
recent literature, and it will prove especially valuable to the physician 
who wishes to keep abreast of the most recent developments of 
clinical and laboratory medicine. 
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FRACTURES AND JOINT INJURIES 
by R. Watson-Jones. Third Edition. 2 vols. Edinburgh, 
E. & S. Livingstone, 1943. 960 pages ; 745 illustrations. 
£3 15s. [£3.75] 

This is one of the most important books on the subject which has 
appeared in the English language, and it should be of the utmost 
value, not only to the orthopaedic surgeon, but to the general 
practitioner who is called upon to treat bone and joint injuries. 
The book reveals the writer’s talent for teaching and for original 
and stimulating presentation of his matter ; the illustrations are 
many and are of an extremely high standard, and it is evident mat 
much thought has been devoted to their selection. This compr^ 
hensive work includes sections on open and infected fractures ana 
war wounds, chemotherapy and the closed plaster technique, i ne 
subject of rehabilitation, of which the author has been a pione^, 
is also fully covered. Amputations and their indications are care- 
fully dealt with. The writer, who is Consultant m Orthopsoic 
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Surgery to the Royal Air Force and a member of the War Wounds 
Committee of the Medical Research Council, has been intimately 
concerned with des-clopmcnts in his subject during the present war. 
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THE SURGERY OF REPAIR : INJURIES AND 
BURNS 

by D. N. Matthews. Oxford, Blackwell Scicntinc Publica- 
tions, 1943. 386 pages ; 198 illustrations. £2 5s. [£2.25] 

This book deals with the treatment of the rommon w.ar injuries 
which come within the province of the plastic and maxillo-facial 


surgeon. Orthopardic surgery is not considered, but the routine 
immediate treatment of thoracic and abdominal perforating wounds 
is included because these injuries frequently complicate plastic and 
maxillo-facial eases in wartime. The methods and treatment 
described arc those used by the author, who has had considerable 
experience of the subject as Surgical Specialist to the Royal Air 
Force Volunta^ Reserve and Surgical Officer in Charge, Royal 
Air Force Plastic Unit. Part 1 of the book deals with shock, crush 
injury, chemotherapy, anesthesia, the surgery of wounds, nerve 
and tendon suture, abdominal and thoracic injuries ; part II 
describes late repair, including scar excision and skin transplants, 
and nerve and tendon injuries ; part III discusses the repair of facial 
injuries, and includes descriptions of operations for dealing with 
the nose, lips, eye, cheek, etc. ; and part IV is an adequate summary 
of the treatment of bums. 
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Dr. F. H. K. Green, who contributes the first article in this 
Number, is a member of the Administrative Staff of the Medical 
Research Council — a State organisation which, originally 
starting as the Medical Research Committee, received its 
present title and constitution in 1920. Dr. Green is Secretary 
of the Council's War Wounds Committee, and of some of its 
sub-committees, and also of the Therapeutic Trials Committee, 
the work of which is described in his article. 

The author of the second article. Professor Warrington 
Yorke, whose death occurred on April 24th, 1943, iraj distin- 
guished for his scientific and administrative work in association 
with the Liverpool School of Tropical Medicine. He had held 
the Alfred Jones chair of tropical medicine at Liverpool 
University since 1929, and had previously succeeded Sir Ronald 
Ross as Walter Myers professor of parasitology. He partici- 
pated in expeditions to Africa to study blackwater fever (1907) 


and sleeping sickness (1911, 1914). His scientific work 
covered a wide range of subjects in tropical medicine. In 
recent years his interest iraj especially centred on the chemo- 
therapy of trypanosomal infections, and some of the fruits of 
this work are described in the article which is published in a 
revised form in this Number and which he wrote at the invitation 
of the British Council in 1942. 

Dr. F. Hawking, who contributes the third and fourth 
articles, is a member of the Scientific Staff of the Medical 
Research Council, and has worked at the National Institute 
for Medical Research since 1940. He has published a number 
of papers on chemotherapy and on tropical medicine and 
pathology. Since the war, he has undertaken investigations on 
behalf of the War Wounds Committee and of the Malaria 
Committee of the Medical Research Council. 
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CLINICAL EVALUATION OF NEW REMEDIES IN BRITAIN 


F. H. K. GREEN, M.D., F.R.C.P. 
Administrative Staff, Medical Research Council 


A problem necessarily confronting the manufacturers of a 
new drug is that of having it satisfactorily tested in patients, 
before it is placed upon the market. However encouraging 
the results obtained in pharmacological and toxicity tests in 
the laboratory, manufacturers of good repute will naturally 
be disinclined to offer a new product to the medical profession 
without previous evidence of its medicinal value and freedom 
from excessive toxicity in man, and without the authority of 
a published report upon its clinical action. 

This problem has always been beset with greater difficulties 
in Britain than in some other countries, owing to a certain 
reluctance on the part of many British doctors to carry out 
clinical trials at the direct request of commercial firms, and 
especially to allow their names to be quoted as the authors 
of such tests. In some European countries, where there has 
been a closer liaison between the academic and commercial 
pharmacological laboratories, and between both these and 
university clinics, the problem does not arise. From the 
manufacturers’ point of view, such a liaison has obvious 
practical advantages. Nevertheless, the clinical results pub- 
lished on this basis have occasionally been open to the un- 
charitable interpretation of an ulterior motive — especially 
where the clinical work is known to have been subsidised in 
greater or lesser degree by the interested commercial firm — 
and indeed it must be admitted that by no means all the 
reports on work done under these conditions have been of 
the highest scientific standing. 

Space does not permit a discussion here of the ethical aspect 
of the attitude of many British doctors on this question, but 
it may be stated as an historical fact that the difficulty in 
securing direct clinical collaboration in regard to the testing 
of new remedies has in the past placed British manufacturers 
at a disadvantage compared with some of their European 
competitors. . 


Formation of a Therapeutic Trials Committee 

These and other considerations led the Medical Research 
Council, after representations by the Association of British 
Chemical Manufacturers, to institute in 1931 an offidal 
scheme for the clinical testing of new remedies which in 
laboratory tests had given promise of therapeutic value. The 
Council appointed a Therapeutic Trials Committee of expert 
clinicians and pharmacologists, to advise in making the 
scheme effective and to act as a disinterested intermediary 
between the manufacturers and the medical profession in 
regard to the arrangement of the tests. ^ From the beginning, 
it was agreed that new remedies of foreign as well as of British 
origin should be eligible for trial under the scheine. Naturally, 
also, it was decided that the arrangement should not be con- 
fined to the testing of products of commercial origin, but 
that new drugs prepared in academic laboratones should also 
come within its scope. 


Conditions of Acceptance of New Remedies for Trial 

Manufacturers applying to the Medical Research Council 
for clinical tests of their products must accept certain essential 
conditions for the investigations. First, the Council requires 
applicants to disclose “ all such details as are necessary for 
the understanding of the true composition and nature of the 
remedy submitted for trial ” and states that it will in no case 
accept any remedy for trial without full liberty to have the 
relevant scientific details of its composition disclosed in any 
report upon its clinical action which may ultimately be pub- 
lished ; products of unrevealed composition are not accepted. 

Secondly, having applied successfully for official clinical 
trials of a new product, the manufacturer has to undertake 
not to make any independent arrangement for its testing 
without the Council’s permission. The main reason for this 
condition is, of course, to prevent the appearance of con- 
flicting and confusing reports upon the product, due to the 
premature publication by independent workers of reports on 
its trial in inadequate series of cases, before the official 
investigation is complete. The effect of the requirement that 
independent trials shall not be undertaken is to exclude any 
product which has already been placed upon the market 
either in Britain or abroad. The purpose of this condition 
is that new remedies should be tested clinically before they 
are placed upon the market, as, on this basis, the manufacturer 
is saved the embarrassment of having to consider the with- 
drawal of his product from the market, in the event of un- 
favourable results of the tests. In applying for trials of his 
product, the manufacturer must indicate his acceptance of 
the conditions outlined above, and he is expected to provide 
such pharmacological and other laboratory data about the 
drug as make a prima facie case for its novelty and potential 
clinic.”'.! value. An important principle governing the 
arrangement is that the Council is interested only in “ new ” 
substances, of which the therapeutic value has not been 
adequately explored : it is not willing to arrange tests of new 
brands or mixtures of well-known medicaments, however 
ingeniously these may have been compounded. The primao' 
object is to promote new knowledge and discovery, and the 
clinical assessment, under controlled conditions, of entirely 
new types of therapeutic agents. 

Organisation of Therapeutic Trials and Publication of Results 

When the Medical Research Council — ^with the advice of 
its expert Committee — has accepted a remedy for trial, 
clinicians of high standing in the appropriate branches of 
medicine or surgery are invited to test it and to report to the 
Council on the results. Under the a^eement with the manu- 
facturers, the Council then has the right to decide whether it 
is in the public interest that the results — whether favourable 
or unfavourable to the remedy tested — shall be published, 
or whether they shall be communicated only to the manu- 
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facturer for his private information. When publication is 
decided upon, the usual pactice is to authorise the clinician 
concerned to publish the results under his own name, in a 
suitable medical journal, as a Report to the Therapeutic Trials 
Committee of the Medical Research Council. This arrange- 
ment is of significance in relation to the points made in the 
opening paragraph of this article ; as his findings are pub- 
lished wth the authority of the Council, the clinician is clearly 
exonerated from any suspicion of special pleading on behalf 
of the products of the firm concerned ; at the same time, as 
the report is published in his own name, he gets due credit 
for his work on the subject. When publication of a report 
on a drug is contemplated, the manufacturer is informed 
confidentially, in advance, of the results of the tests, on the 
understanding that he will make no public use of the informa- 
tion before the report appears. When the first official 
clinical report on a particular product has been published, the 
manufaeturer is immediately at liberty to make such arrange- 
ments as he wishes for independent confirmatory trials or — 
if he thinks fit — to place the product upon the market. In 
marketing the product, he is entitled to refer in his trade 
literatvu^ to the official report. 

For obvious reasons, it is generally considered desirable 
to arrange for the official clinical tests of a new remedy to be 
carried out at more than one hospital. The reports sub- 
mitted from the various centres are then usually published 
simultaneously, or sometimes a conference of the clinical 
investigators is held, to collate their respective findings and to 
arrange the preparation of a joint report for publication. 
Experience has shown, however, that in occasional cases, 
where the product submitted for trial comes within the special 
field of interest of a well-established clinical research unit, 
time is saved by entrusting the official tests to research 
workers in the one unit, instead of distributing the product 
widely to clinicians throughout the country. 

Practical Operation of the Scheme 
Since the scheme was instituted in 1931, more than 40 new 
products have been accepted for official clinical trial, and 
reports on many of these have been published. Some of the 
investigations have been on a statistical basis, and these have 
been planned and assessed with advice from the statistical 
staff of the Council. In other cases, the notorious difficulty of 
securing controlled data in therapeutic research has been 
overcome by the organisation of “ blind ” tests, in which the 
effects of the product under trial have been checked by the 
administration on different occasions, or to different patients, 
of an inert substance of similar appearance. Not the least 
important aspect of the scheme is that in every instance where 
the results of the official clinical tests of a product have shown 
it to be unduly toxic or of little therapeutic value, and a report 
to this effect has been transmitted confidentially to the manu- 
facturers, the latter have decided to \vithhold the drug from 
the market, or, at any rate, not to issue it for the purpose for 
which it was originally proposed. 

It is not possible to list here the complete range of the 
official clinical tests of valuable remedies, but some out- 
standing examples may be given. Thus, the first large-scale 
trials of sulphonamido-crysoTdin (“ prontosil rubrum ”) in 
human streptococcal infections were carried out under the 
authority of the Council and published in reports to the 
Therapeutic Trials Committee (Colebrook & Kenny, 1936). 
These papers are generally regarded as “ classical,” as they 
established, in man, the therapeutic possibilities of the first 
sulphonamide drug, which, though discovered in Germany, 
had not there been taken much beyond the experimental 
stage. Some of the earliest controlled clinical tests of sul- 
phanilamide were made under similar arrangements (Cole- 
brook & Purdie, 1937 ; Snodgrass & Anderson, 1937). In 
another direction, clinical work done on behalf of the Council 
was responsible for establishing the therapeutic possibilities 
of the new group of synthetic oestrogenic agents, developed 
from the chemical researches of Dodds, Robinson and others 
in academic laboratories, of which stilboestrol (diethyl- 
stilboestrol) is the prototype : several synthetic oestrogens of 
this t>pc have since been the subject of reports to the Thera- 
peutic Trials Committee (Bishop, Boycott & Zuckerman, 
1939; NVinterton & MacGregor, 1939 ; Kellar & Sutherland, 
1939 ; Bishop, Bowes, Boycott, Kellar, MacGregor &Murless, 
1940 ; Barnes, 1942). 

Complaints have sometimes been voiced by manufacturers 
that the official clinical tests carried out under the CounciPs 


authority take an excessively long time to complete, as com- 
pared with tests made under private arrangements with 
doctors, where such are possible. Some manufacturers have 
also objected to the condition — laid down, it may be said, 
after consultation with the manufacturers’ Association — ^that 
the makers of the product shall have no direct communication 
with the clinicians during the period of the tests ; and it has 
been suggested that it is in the best interests of the investiga- 
tion that the manufacturers should be kept in constant touch 
with its progress. While this, no doubt, is sometimes true, 
a relaxation of the condition, such as has been permitted in 
exceptional circumstances, does not always react to the 
benefit of the manufacturer, as the clinician’s early impressions 
of a new drug are sometimes unduly favourable or unfavour- 
able, and the manufacturer’s assessment of the possibilities 
of his product on the basis of the preliminary clinical findings 
communicated to him may thus err on the side of optimism 
or of pessimism. Nevertheless, in the majority of cases, 
where communication between the manufacturer and the 
clinician is permitted only through the intermediary of the 
Council, an attempt is now made to keep the former informed 
as far as possible of important stages in the progress of the 
tests, and his advice is necessarily sought upon the question 
of any modification of the product which may seem desirable 
to increase its clinical usefulness. 

Effect of War-time Conditions 
During the war, the work of organising official tests of new 
remedies of general therapeutic interest has been restricted 
by a variety of circumstances, not the least of which is the 
difficulty of finding expert clinicians who have time and 
facilities to devote to the investigation of medicaments which 
have no specialised application to problems of war medicine. 
On the other hand, many clinical studies of new therapeutic 
agents of immediate importance in relation to current prob- 
lems, such as the treatment of wounds, burns and various 
infective diseases, have been arranged. Outstanding among 
these are the clinical tests of penicillin now in progress under 
the authority of the Council, and the investigations organised 
by the War Wounds Committee of the Council, and its sub- 
committees, into the use of various bacteriostatic agents to 
control infection in wounds and burns. Clinical trials of 
British-made equivalents of several important pharmaceutical 
products of foreign origin have also been carried out. In 
relation to much of this ad hoc work, the manufacturers 
have been allowed to maintain closer contact with the 
clinicians making the tests than has hitherto been permitted 
in peace-time, and it is hoped that it will be possible to main- 
tain this closer liaison on a satisfactory basis when the 
organisation of official cliiucal trials of new remedies is re- 
sumed on a full scale after the war. The Council also hopes 
to find a means of effecting a more intimate and sustained 
contact svith the clinical centres where tests are made, so that 
the clinicians may be encouraged to complete their investiga- 
tions, and report the results, with the minimum of delay. 

Advantages of Organised Trials 
So far as the writer is aware, the conclusions recorded in 
published reports to the Therapeutic Trials Committee re- 
garding the practical value of therapeutic agents tested, have 
never been reversed in the light of later experience, though in 
one case — that of prostigmin — the investigations made for 
the Committee failed to reveal the full range of clinical utility 
of the product. Prostigmin was submitted to the Medical 
Research Council for trial in the relief of post-operative dis- 
tention and paralytic ileus, and the published report to the 
Therapeutic Trials Committee (Carmichael, Fraser, McKelvey 
& Wilkie, 1934) dealt only with that aspect of its action ; it 
was left to an independent investigator, who had noted from 
the official report that the drug was of relatively low toxicity 
compared with physostigmine, to discover that it also had 
a dramatic effect in myasthem'a gravis. 

It may reasonably be contended that the great majority 
of the published reports on clinical tests made under the 
authority of the Medical Research Council constitute sub- 
stantial contributions to therapeutic research, and that the 
manufacturer whose product can be placed on the market 
with this official recommendation is in a much stronger 
position in issuing it commercially than if the tests had been 
arranged privately. Thus it may be maintained that, from 
the manufacturers’ point of view, the repons upon the 
official clinical trials are usually well worth waitmg for, even 
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though — owing to the wider scope of the inquiries — they 
sometimes take longer to appear than papers on tests 
carried out directly for the manufacturers by individual 
doctors. 

The advantages of having an impartial body of medical 
experts to organise the clinical testing of promising new 
remedies of academic or commercial origin can hardly be 
denied, and it is to be hoped that with the post-war develop- 
ment of research in chemotherapy — which already, with the 
discovery of penicillin and related substances, holds prospects 
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THE THERAPEUTIC ACTION OF THE AROMATIC DI4MIDINES IN THE TREAT- 
MENT OF PROTOZOAL INFECTIONS OF MAN AND STOCK* 


the late WARRINGTON YORKE, M.D., F.R.C.P., F.R.S. 
Alfred Jones Professor of Tropical Medicine, University of Liverpool 


In 1935, Jancso & Jancsd in Hungary and Schem & Arta- 
gaveytia-AUende in South America, independently and almost 
at the same time, recorded that synthalin exerted a slight but 
definite therapeutic action in mice and rats infected with 
certain pathogenic trypanosomes. It has long been known 
that the pathogenic trypanosomes require an enormous 
amount of glucose for their metabolism, vide Yorke, Adams 
& Murgatroyd (1929), and the Janesds concluded that the 
trypanocidal synthalin acts indirectly by producing a con- 
tinuous hypoglyctemia which results in a “ sugar-blockade ” 
of the parasite metabolism. Schern & Artagaveytia-AIlende 
reached a somewhat similar conclusion, but felt unable to 
exclude a possible toxic action of the drug on the parasites. 

On consideration, it seemed so exceedingly improbable 
that any degree of hypoglycremia compatible with the life of 
the host would suffice to affect its trypanosomal infections 
that I decided to re-examine the phenomenon. My colleague. 
Dr. E. M. Lourie, and I examined the trypanocidal action of 
synthalin in vitro by means of the technique described by 
Yorke, Adams & Murgatroyd (1929). We found that syn- 
thalin exerts in vitro a powerful trypanocidal action, which is 
of the same order as that of the aromatic trivalent arsenicals, 
a concentration of only I in 100 millions sufficing to destroy 
all the trypanosomes in a suspension of nutrient medium 
within 24 hours at 37° C. Furthermore, we satisfied our- 
selves that synthalin does not produce any pronounced 
degree of hypoglycremia in the normal animal given in doses 
which produce serious damage to the liver, and finally, 
that insulin exerts no trypanocidal activity either in vivo or 
in vitro. 

From this work, Lourie & Yorke (1937) concluded that 
the therapeutic action of synthalin does not depend upon any 
hypoglycsemia which it may produce, but upon its direct lethal 
effect on the parasite. This discovery that the trypanocidal 
action of synthalin is a direct one opened a wide field of 
biological and chemical inquiry. It was, moreover, of con- 
siderable interest in that the chemical constitution of synthalin 
is essentially different from that of all known trypanocidal 


♦ [This paper was contributed, at the invitation of the British 
Council, in 1942. It was translated into Spanish and submitted 
for exclusive publication in Argentina (Prensa med. argent. 29, 
1679-87). As an authoritative review of the development of work 
on an important new series of compounds, it has been considered 
to be of sufficient interest for republication in BMB. The article 
has been revised and minor alterations and omissions have been 
made. In addition, the Bureau of Hygiene and Tropical Diseases 
has kindly provided references to the later literature^ which have 
been interposed in the text in square brackets. These changes 
have been made in the interest of confonniy wffi later findings, 
but the article remains essentially as originally wnt en.j 


substances. As the following formula shows, synthalin 
consists of two guanidine groups connected by a longalkylene 
chain : 

NHjv /NH„ 

;CNH(CH„)ioNHC' 

nr/ ■ ^NH 

With the collaboration of Dr. H. King of the National 
Institute of Medical Research, London, a large number of 
guanidines, isothioureas, amidines and amines with alkyl 
and alkylene chains were prepared and examined for try- 
panocidal activity. 


Chemotherapeutic Investigation of Diamidines 
It was found that certain of the diamidines exhibited a 
powerful trypanocidal action both in vivo and in vitro, and 
that with the most active member of the series, viz., unde- 
cane-l : 11-diamidine, it was possible to produce permanent 
cures in approximately 100 % of mice and rabbits infected 
with our laboratory strain of Trypanosoma rliodesiense. 

Immediately following the publication of this work (King, 
Lourie & Yorke, 1937 ; 1938) Dr. A. J. Ewins of the firm of 
May & Baker took up the investigation of a series of aromatic 
compounds containing the amidine group. Examination of 
these compounds showed that many of them exhibited con- 
siderable trypanocidal activity, and that some of them did 
so in a quite remarkable degree. The most active of Ewins’ 
compounds were found to be : 


4 : 4'-diam{dino 

stilbene 

(stilbamidine) 


NH,\^ 

nr/ 




"^CR : CR\ 


^ /NH, 


and the members ^ v y ^ /NR* 

of the series /0(CRoLOs^ 


viz., 4 : 4'-diamidino diphenoxypropane (propamidine),^ 
where n = 3. 

4 ; 4'-diamidino diphenoxypentane (pentamidine), 
where n = 5. 

Each of these compounds is tolerated by mice when ad- 
ministered intraperitoneally in doses up to 1 mg. per 20 g. 
mouse. Diamidino stilbene is slightly more active than the 
others. Such minute doses as 0-005 and 0-00625 mg. per 
20 g. mouse suffice to clear the peripheral blood in more tha i 
50 % of mice infected with our strain of T. rhodesiense ; 
permanent cures are sometimes obtained with doses of 0-01 

^ [This compound has also been found effective as . wound 
antiseptic {see BMB 58).] 
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and 0-0125 mg., and wth doses of 0-025 and 0-05 mg. the 
great majority of the animals are permanently cured. The 

. •• • j /maximum tolerated dose\ ... ... 

therapeutic index I — r-; : ; — i of diamidino 

Vmiiumum curative dose/ 

stilbene is therefore about 30. Experiments on rabbits in- 
fected with T. rhodesiense gave equally satisfactory results. 
The maximum dose of diamidino stilbene tolerated by rabbits 
when administered intravenously is about 20 mg. per kg. of 
body weight. A dose of 0-5 mg. per kg„ /.e., Vi^th of the 
maximum tolerated dose, repeated on each of 5 consecutive 
days, sufficed to produce permanent cures in all the cases, 
even thou^ at the time of commencement of treatment the 
rabbits had been infected between 3 and 4 weeks and exhibited 
pronounced lesions. 

In wew of the remarkable activity displayed by certain of 
the aromatic diamidines on Trypanosoma rhodesiense infec- 
tions of laboratory animals, it appeared to be of interest to 
ascertain whether they exerted any therapeutic activity in 
other protozoal or in spirochaetal infections. For this pur- 
pose, the following were selected: Trypanosoma equinum, 
T. congolense and T. crud ; Spirochaeta recurrentis and 
Spirillum minus ; Plasmodium relictum of canaries, P. knowlesi 
of monkeys, and the malaria parasites of man ; Babesia canis 
in puppies ; and Leishmania infections in hamsters. 

The results of this work (Lourie & Yorke, 1939a ; 1939b) 
can be briefly summarized as follows : 

T. equinum infections of mice appear to be just as sus- 
ceptible to the diamidines as are T. rhodesiense infections. 

T. congolense infections of mice ; Most of the compounds 
tested displayed some action on these infections, but cures 
were obtained only with diamidino stilbene : all of seven mice 
were cured by a single maximum dose of 1 mg. of this com- 
pound, and all of eight mice were cured by 0-25 mg. given on 
each of three consecutive days. Recently it has been found 
(Fulton & Yorke, 1942a) that a closely allied diamidine, viz., 
4 : 4'-diamidino dimethyl stilbene, is considerably more active 
in this infection, mice being cured by a fourth or less of the 
tolerated dose. 

T. crud infections of mice ; The compounds tested had no 
action on this infection. 

Spirochaeta recurrentis and Spirillum minus infections of 
mice were uninfluenced by these compounds. In this con- 
nation it is interesting to note that Dr. Lourie, writing from 
Sierra Leone, British West Africa, reported that diamidino 
stilbene had no action on yaws (framboesiasis). 

Plasmodium knowlesi of monkeys and P. relictum of 
canaries; diamidino stilbene and diamidino diphenoxy- 
pentane were tested by Dr, J. D. Fulton (1940) on these 
infections ; both were found to exert a definite therapeutic 
activity on the monkey malaria infection, and the latter 
compound also exerted some influence on the canary infection. 

MaMa in man ; Diamidino stilbene was found to exert 
a definite action on induced P. vivax infections in patients 
TOth dementia paralytica, but little or no action on natural 
infections with P. falciparum. 

Babesia canis in puppies : Since Nuttall (1909) drew atten- 
tion to the therapeutic activity of trypan blue in babesia 
infections, many attempts have been made to find a more 
efficient remedy. Apart, however, from the discovery of 
Stephan & Esquibel (1929) that acriflavine also exerted a 
definite action on certain babesia infections, there seems to 
have been no real advance in the therapy of this important 
^oup of diseases until 1935, when Kikuth and others pub- 
lished accounts of very successful results obtained with a 
Bayer product known as acaprin — 6 ; 6' (di-N-methyl-quino- 
nnium-inethosulphafe) urea — in the treatment of various 
babesia infections. 

In our experiments we used a strain of Babesia cards ob- 
tamed from Kikuth, of Elberfeld ; this strain is very virulent 
for young puppies, killing them usually in from 4 to 6 days. 
We found tiiat most of the aromatic diamidines examined 
had a definite action on the infection in that they caused the 
pai^ites to disappear from the blood for a time. The most 
active compounds were diamidino stilbene (4:4'-R-CH: 
CH'R), diamidino diphenyl ether (4 : 4’-R-0-R), and di- 
amidino diphenoxj-propane (4 ; 4 '-R- 0 (CH,) 30 -R). Single 
large doses of these compounds or two smaller doses given 
on successive da>'s sufficed to sterilize the infection. 

Leishmania mfcctions in hamsters [Cncetus auratus}: A 
qumiity of diamidino stilbene was sent to Professor S. Adler, 
ol Jerusalem, with the request that he would test the substance 


in hamsters infected with L, donovani. In due course, Adler 
reported that this compound had a marked therapeutic 
action on infections of L. donovani in the S 5 frian hamster. 
In the three animals sufficiently studied, the infection was 
sterilized by 27 injections of 2-5 mg. per kg. of body weight, 
24 injections of 10 mg. per kg., and 10 injections of 20 mg. 
per kg. As Adler points out, this observation is of great 
interest as it is the first instance of a drug not containing 
antimony \rith a therapeutic action on infections of L. 
donovani. 

Summarizing all this experimental work, we find that 
certain of these aromatic diamidines exert a powerful curative 
action on Trypanosoma rhodesiense and T. equinum infections, 
on Babesia canis infections and on Leishmania donovani 
infections, that they exert a less powerful action on T. congo- 
lense infections and on certain malaria infections of man 
and monkeys, but that they have no effect on T. crud infec- 
tions or on those due to Spirochaeta recurrentis or Spirillum 
minus. 


Clinical Tests 

Since 1939, certain of these compoimds have been tried 
clinically on man suffering from African sleeping sickness and 
from leishmaniasis, respectively, and also on domesticated 
animals infected with Babesia. The results of these clinical 
trials which have so far been received are summarized below. 


African Trypanosomiasis 

The therapeutic action of diamidino stilbene on patients 
suffering from sleeping sickness has been examined by 
McLetchie (1940) and by Harding (1940) in Northern 
Nigeria, and by Bowesman (1940) in the Gambia, while 
Saunders (1941) tested diamidino diphenoxypentane in the 
Gold Coast. 

(During 1939-41 Lourie (1942) treated cases of T.gambiense 
infections in Sierra Leone with diamidino diphenoxypentane, 
diamidino diphenoxypropane and diamidino stilbene. In 
early cases the two former drugs are almost as effective as 
antrypol or tryparsamide, and have the distinct advantage 
that the course of treatment is completed in much shorter 
time. Diamidino stilbene is considerably less valuable. In 
late cases tryparsamide is much more effective than the di- 
amidines. iWiediate but transient toxic effects were noted, 
but no late ill-effects occurred ; the maximum doses given 
were 100 mg. daily for 12 days. The author remarks that 
other workers, using heavier doses, have reported severe 
delayed toxic effects on the liver, and refers to the neuro- 
pathies reported from India (see below). 

Lawson (1942) treated 53 cases of T. gambiense infection in 
Uganda by 10 daily intravenous injections of 0-1 g. diamidino 
diphenoxypentane (for adults). He reports rapid sterilization 
of the blood, and considers this to be probably the best drug 
so far introduced for the treatment of early cases with low 
cerebrospinal fluid cell count. For those with higher counts 
be advocates a pentavalent arsenical. 

Gilbert (1943), from observations on a small series of cases 
of T. gambiense infection, advocates doses of at least 2-0 mg. 
per kg. body weight, preferably ^ven intravenously, in two 
courses of 8 injections each, separated by an interval of 
one week.) 

From all this work the folio-wing pro-visional conclusions 
seem permissible : 

i. The diamidines are powerfully trypanocidal substances 
and quickly cause peripheral sterilization. 

ii. Early cases with normal cerebrospinal fluid are appar- 
ently cured by a short course of any of the three diamidines. 

iii. As regards the action of these compounds on late 
eases of Trypanosoma gambiense infection, it appears that 
diamidino stilbene and the other diamidine compounds fail 
to cure these cases. Lourie’s preliminaiy reports suggest 
that diarra’dino diphenoxypentane and diamidino diphenoxx-- 
propane may prove more valuable than diamidino stilbene. 


man Leishmaniasis 

rndian kala-azar: The first humM case of this disK^ 
ated with one of the aromatic diamidines was that reported 
an by Adams & Yorke (1939). The patient, a Hindoo, was 
cedingly ill. much emaciated, anxmic, with a 
ching'tiie umbilicus and fever of a remittent t>-pe ; Leu .- 
nia donovani was found in bone-marrow srn^rs and 
tures of the blood were positive. He w-as giv-cn diaim^co 
bene intravenously in doses of 1 -0 mg. per kg. dail> for 


61 



8 consecutive days. A few days after the end of treatment, 
the temperature became normal and the spleen commenced 
to shrink rapidly. By the 17th day after treatment the spleen 
was just palpable below the costal margin, and the size of 
the liver had decreased coincidentally with that of the spleen. 
When the patient was discharged from hospital 2i months 
after treatment, he appeared to be perfectly well. His weight 
had increased by 4 kg., cultures of the blood and bone- 
marrow smears were negative, and the anaemia and leuco- 
paenia had practically disappeared. 

Subsequently, a second case of Indian kala-azar was suc- 
cessfully treated by Adams & Yorke (1940) with a similar 
course of diamidino stilbene; and later Wingfield (1941) 
recorded details of another case also apparently cured by 
a short course of this drug. 

Napier & Sen (1940) tested diamidino stilbene in the 
Calcutta School of Tropical Medicine. They treated a series of 
8 cases of Indian kala-azar, all of whom were apparently cured 
by a course of 8 to 12 daily injections of 1 to 2 mg. per kg. 

Adams (1941) tried diamidino diphenoxypentane in a case 
of Indian kala-azar ; the patient was apparently cured by 
a course of 8 daily injections, each consisting of 1 mg. per kg. 

[Napier, Sen Gupta & Sen (1942) have reported on 100 cases 
of Indian kala-azar treated with diamidino stilbene in doses 
up to a maximum of 1 mg. per pound [about 0-45 kg.] of 
body weight. Reactions were troublesome but apparently 
free from danger ; the fall in blood pressure could be pre- 
vented by an injection of 0-25 cm.® of 0-1 % adrenaline 
just before administration of the drug. Of these patients 
2 died, and 98 were cured except that in 2 there were relapses. 
The authors state that the introduction of stilbamidine has 
made a great advance in the treatment of kala-azar ; anti- 
mony-resistant cases respond well. 

Napier & Sen Gupta (1943) have used pentamidine in doses 
up to a maximum of 1 mg. per pound body weight for Indian 
kala-azar, with satisfactory results, but Napier, in an editorial 
in the same journal, sums up the position in the sense that 
the majority of Indian patients will continue, to be treated 
with antimonials, the diamidines being reserved for antimony- 
resistant cases.] 

Mediterranean and Sudan leishmaniasis : Adler & Rach- 
milewitz (1939) tried diamidino stilbene on a woman infected 
with Leishmania infantum. The patient, who had contracted 
the disease in Palestine, had relapsed after a course of stibur- 
amine. Between July 5th and September 7th, 1939, the patient 
was given a series of 24 injections of diamidino stilbene, the 
individual doses varying from 1 - 0 to 1-7 mg. per kg. viTien 
the patient was discharged on October 8th, she had increased 
in weight and appeared to be in excellent condition. The 
authors write that in view of the clinical severity of the case, 
the size and hardness of the spleen and, above all, the fact 
that they were dealing with a relapse case, the result must 
be regarded as satisfactory. 

In a letter dated July, 1941, Adler mentioned that he had 
successfully treated with diamidino stilbene a second case 
infected with Leishmania infantum. The patient, a child, was 
desperately ill. In all, she was given about 90 injections, the 
individual doses ranging up to 2-5 mg. per kg. Adler re- 
ported that the child had been quite well for some months 
and he believed that she was cured. 


Kirk & Sati (1940) examined the therapeutic activity of the 
aromatic diamidines on a large scale in the field. These 
workers treated a series of 43 cases of Sudan leishmaniasis — 
28 with diamidino stilbene, 13 with diamidino diphenoxy- 
pentane, and 2 with diamidino diphenoxypropane. 

Among the 28 cases treated with diamidino stilbene, there 
were 4 deaths and 24 recoveries, giving an immediate recovery 


rate of 86 %. Of the 24 immediate cures, 6 cases had at the 
time of the report been under observation for a period of 
6 to 7 months, during which there had been no relapse. Of 
the 4 fatal cases, 3 were moribund when treatment commenced 
and died when they had received only 3, 4 and 5 doses, 
respectively ; the fourth was a child of four who appeared 
to be progressing well but died suddenly from unknown cause 
on the day following the seventh injection. Among the 
13 cases treated with diamidino diphenoxypentane there 
were 3 deaths, 9 immediate recoveries and one doubtful 
recovery Of the 3 fatal cases, one had lobar pneumonia 
when admitted and was moribund ; one appeared to be 
making an excellent recovery, but after being afebnle for 
three weeks went out and drank a great d^I of native beer, 
returning to hospital very intoxicated and dying 48 hours 


later ; and in the third the condition was complicated by 
nephritis and severe diarrhoea which resisted every form of 
treatment. Of two cases treated with diamidino diphenoxy- 
propane, one (who also had pneumonia) recovered, but the 
other, a man of 30 who on admission was in an extremely 
dirty, verminous and exhausted condition and weighed only 
5 stones [about 32 kg.], died after the fourth injection. 

In addition to these cases, Kirk &. Sati refer briefly to three 
antimony-resistant and antimony-relapsed cases who were 
provisionally cured by diamidino stilbene, and also to two 
cases of espundia who were discharged as possible cures after 
treatment with diamidino stilbene. Lastly, Kirk & Mac- 
donald (1940) give details of an interesting case of Sudanese 
leishmaniasis who had relapsed after treatment with neo- 
stibosan. This patient exhibited peripheral neuritis— pre- 
sumably the result of previous antimony treatment — 3. con- 
spicuous nodular depigmented eruption on the face, a 
minutely punctate rash over the rest of the body, and 
muco-cutaneous lesions at the orifice of the nose and on the 
nasal septum. The patient, who was given a course of 
diamidino diphenoxypentane, was discharged as cured. 

Apparently, then, Kirk and his collaborators tried the 
various diamidines on a total of 49 cases of Sudan leishman- 
iasis, 41 of whom were provisionally cured. Of the 8 fatal 
cases, 5 were moribund when admitted and died after only 
3 to 5 injections. If we omit these 5 moribund cases and the 
patient who broke out of hospital and died after a debauch, 
there remain 43 cases, 41 (95 %) of whom were provisionally 
cured. 

Colonel Hamilton Fairley in a letter dated December, 1941, 
stated that most satisfactory results were obtained with 
diamidino stilbene in over 30 cases of Sudan leishmaniasis 
occurring among British troops. 

As Kirk & Sati point out, these results compare most 
favourably with those hitherto obtained in the treatment of 
Sudan leishmaniasis with the antimonials. They write : 

“ The clinical picture of the uncomplicated disease is a grave one. 
Intractable diarrhoea, htemorrhages, and complications like cancrum 
oris and lobar pneumonia are frequent. Experience with antimony 
has shown that the Indian standard treatment is inadequate in 
the Sudan disease, where the action of the drug is much slower. A 
larger total dose is usually required to effect a cure, and cases are 
frequently encountered which are completely resistant to any form 
of antimony treatment. Moreover, Sudanese kala-azar patients are 
very sensitive to the toxic effects of antimony, and the early attempts 
to treat the Sudan disease with this drug along the lines advocated 
in India led only to a series of disasters, which Archibald recognized 
as attributable to the drug rather than to the disease.” 

In view of the relatively great difficulty which has been 
experienced in curing Mediterranean and Sudan leishmaniasis 
with antimonials, it is not surprising that both Adler «5c Kirk 
found that much larger quantities of the diamidines were 
required in this form of leishmaniasis than in Indian kala- 
azar. The size of the individual dose given varied between 
1 *0 and 2-5 mg. per kg., and apparently at least 30 injections 
were necessary to produce a cure. 

[Diamidino diphenoxypropane was tried in a case of kala- 
azar in Liverpool (Adams, 1943). Intravenous administra- 
tion of 100 mg. daily for 9 days elicited a good response, 
although there was local reaction at the site of infection.] 

From this work it seems possible to draw the following 
provisional conclusions : 

i. Indian kala-azar can be cured with a short course con- 
sisting of 8 to 12 injections of 1 mg. per kg. of diamidino 
stilbene or diamidino diphenoxypentane. 

ii. The great majority of cases of Mediterranean and Sudan 
leishmaniasis can be cured by these diamidines, but a much 
longer course is required than is the case with Indian kala- 
azar. The results obtained with the diamidines appear to be 
considerably better than those hitherto obtained with the 
antimonials. 

[Susskind & Roth (1943) have treated one child wjth 
Mediterranean kala-azar with two courses of stilbamidine, 
one consisting of 38 injections, the other of 87. The result 
was satisfactory. The drug was given dally for part of the 
time, but in other parts of the course there were intervals of 
I or more days between injections.] 

Field Tests in Animals 
Babesiosis in Domesticated Animals 

In view of the successful results obtained by Lourie & 
Yorke (1939b) in the treatment of puppies experimentally 
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infected with Babesia cams by diamidino stilbcne, diamidino 
diphenyl ether and diamidino diphenoxypropane respectively, 
it was decided to ask Professor Adler to test these compounds 
in animals infected with various piroplasms in Palestine. 

Adler & Tchemomoretz (1940) examined the effect of 
diamidino stilbene on the following: Tbeileria anmilata in 
calves, Anaplasma marginalc in calves. Anaplasma avis in 
goats, Babesiella avis in goats and Babesia bigemina in calves. 
They found that the drug had no effect on Theiicria anmilata 
infections, nor on the Anaplasma infections in splenectomized 
calves and goats. On Babesiella avis infections in goats and 
Babesia bigemina in calves, however, the drug had a very 
marked therap>eutic action. In order to exclude the natural 
defences against the parasites, Adler and Tchemomoretz 
used only splenectomized animals. They found that in doses 
of from 2 mg. to 4 mg. per kg. diamidino stilbene is effective 
in the treatment of Babesiella ovis in goats and Babesia 
bigemina in calves, and that the action of the drug in the 
latter infection is very rapid. 

Daubney & Hudson (1941) examined the therap>eutic 
action of diamidino stilbene on 16 dogs naturally infected 
with Babesia canis in Kenya. Most of the animals were 
pure bred, very often the progeny of imported parents, and 
the majority of the attacks were primary infections in animals 
ranging from a few weeks to 12 months old. In 15 of the 
dogs the dose employed was 1 • 5 mg. per kg. given sub- 
cutaneously. In 13 there was rapid clinical recovery, the 
blood was negative within 48 hours, and there was no relapse ; 
two advanced cases — one of which was moribund when 
treated — died. The sixteenth animal was given 0-9 mg. 
per kg. Here also the blood was negative within 48 hours, 
but a relapse occurred 4 days later. 

Daubney & Hudson also record the result of treating with 
diamidino stilbene two cases of biliary fever (Babesia caballi) 
in horses. One of these animals was a foal and the other a 
thoroughbred horse. Both made a rapid recovery and no 
relapse was observed. 

Daubney & Hudson draw attention to certain transient 
tojdc effects in dogs. Within a few minutes most of the 
animals showed evidence of hyperassthesia, and in more than 
half of them there was transient swelling of the face. Two 
animals appeared to have some, difficulty in breathing, and 
some attempted to vomit. After about 20 minutes, these 
untoward effects passed away and the animals settled down 
to sleep ; the next day they were much brighter than before 
treatment and from then onwards recovery was uninterrupted. 

T^e two horses treated with diamidino stilbene also ex- 
hibited transient toxic signs. The foal showed signs of 
hyperesthesia similar to those seen in dogs, with swelling of 
the muzzle and tongue. These symptoms passed off within 
a few hours. The thoroughbred horse was apparently greatly 
distressed for about 48 hours after the injection, sweating 
profusely and behaving as though suffering from violent 
colic. When these symptoms subsided, the animal made 'a 
rapid recovery. A third uninfected horse showed similar signs. 

Daubney & Hudson conclude that diamidino stilbene is 
a useful therapeutic agent in the treatment of clinical cases 
of tick fever in dogs, but that the drug is unsuitable for 
administration to horses, notwithstanding its efficacy in the 
cure of biliary fever. 

Carmichael & Fiennes (1941) tested another of these com- 
pounds, vi^, diamidino diphenoxypropane, in dogs naturally 
infected with Babesia canis in Uganda : The dosage used was 
that recommended by Lourie & Yorke (1939b), i.e., either 
a single dose of 5 mg. per kg., or a dose of 2-5 mg. per kg. 
on each of two consecutive days. Subcutaneous, intravenous 
and intramuscular routes proved equally effective, but the 
intramuscular route was preferred, as when the subcutaneous 
route is used, an cedematous swelling may result and persist 
lor a month or six weeks. The dogs brought for treatment 
in all stages of the infection, from those at 
the beriming of the disease to those which had been sick for 
some time and were nearly moribund. Of the 116 animals 
treated, 102 were definitely cured by the single dose of 5 mg. 
^r kg. or by the two smaller doses given on consecutive 

3ys , 10 relapsed but were cured by a second dose, and 

died. ^No signs of toxicity were detected. The authors 
rontr^t their results with those previously obtained by 
nuKmael (1935) with trypan blue and with acaprin, and 
conclude that diamidino diphenoxj’propane has proved the 
roost valuable drug they have so far encountered in the 
treatment of tick fever in dogs. 


Carmichael has also examined the action on dogs natur- 
ally infected with Babesia canis in Uganda of another of the 
diamidines found by Lourie & Yorke to be effective in this 
infection, viz., diamidino diphenyl ether. In a cable dated 
the 18th August, 1941, Carmichael said that 20 cases were 
very successfully treated, without death or relapse, by a sub- 
cutaneous injection of 10 mg. of the compound per kg. 

The general conclusion from this work appears to be that 
diamidino stilbene, diamidino diphenoxypropane and diami- 
dino diphenyl ether are of practical value in the treatment 
of babesiasis in the field. The last two compounds are prob- 
ably of most value in the treatment of dogs because they are 
definitely less toxic for these animals than is diamidino stil- 
bene. There is, as yet, not sufficient evidence to state which 
of these compounds is preferable for the treatment of horses, 
cattle, sheep and goats. Adler’s work indicates that the 
diamidines have no action in infections due to Tbeileria and 
Anaplasma. 


Toxicitj’ 


Acute. The aromatic diamidines have now been adminis- 
tered to some hundreds of human beings. They have been 
given both intravenously and intramuscularly. Owing to 
their great solubility, diamidino diphenoxypropane and 
diamidino diphenoxypentane are more suitable for intra- 
muscular injection into man and the larger animals than is 
the less soluble diamidino stilbene. The normal dose has 
been 0-5 to 2-0 mg. per kg. 

No serious example of acute toxicity has so far been 
reported, but many of the patients who received the larger 
doses (1-0 and 2-0 mg. per kg.) by the intravenous route 
have exhibited transient symptoms. As a rule, these were 
slight, and varied from flushing of the face and indefinite 
epigastric sensation to headache, dizziness, rapid pulse, 
sweating, retching and, rarely, vomiting. All these effects 
disappeared within half an hour. Occasionally, however, 
intravenous injections have been followed by more alarming 
symptoms — syncopal attacks with temporary loss of con- 
sciousness and epileptiform twitching ; these symptoms also 
were very transient and disappeared in a few minutes. 

It would appear that most, if not all. of these immediate 
disagreeable effects are connected with the dramatic fall in 
blood pressure which follows intravenous injection of the 
diamidines. Adams (1941) observed that within a minute 
of the intravenous injection of 1 mg. per kg. of diamidino 
diphenoxypentane the systolic pressure fell from 106 to 50 
and that it had returned to normal within 10 minutes. After 
a similar dose, given intramuscularly, the systolic pressure 
fell from 106 to 80 within 3 minutes ; after 10 minutes it 
had increased to 95, and thereafter slowly returned to normal. 
These observations correspond with the fact that the un- 
desirable transient symptoms are less marked after intra- 
muscular than after intravenous injection. 

[The pharmacological properties of the diamidines have 
more recently been studied by Wien (1943) and by Wien, 
Freeman & Scotcher (1943). The compounds have a de- 
pressant action on the circulatory system, but the fall in blood 
pressure may be reduced or prevented by a previous injection 
of calcium.] 


Chronic. Albuminuria and other signs of renal irritation 
ave not been obseiwed. Information received from the 
udan in 1942 indicated that the diamidines possessed cumu- 
rtive action, and that prolonged administration of large 
OSes might produce serious damage to the liver. A certain 
umber of cases of Sudan kala-azar received the following 
OSes of diamidino stilbene : first week, 2 mg. per kg. daily ; 
econd week, 3 mg. per kg. daily ; third week, 4 mg. per kg. 
aily. In these cases the cure of the kala-azar was apparently 
eiy rapid, and the patients were discharged from hospital 
short time after completion of the treatment. However, 
few weeks later a number of these patients presented signs 
f serious hepatic insufficiencj', and some of them died. 

It seems clear that the diamidines should be employed with 
aution that the daily dose should probably not exceed 1 to 
mg. per kc., and that the treatment should be mtempied 
fter a week or 10 days. With the object of protecting the 
ver Adler recommends simultaneous administration ol arg. 
uses of glucose and calcium. 

[Kirk made the suggestion that soluuons of diamdi.-.o 
tilbene which had been kept for some time increased in 
oxicity. Fulton & Yorke (1942b) ins-estigated the matrer and 
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tioted that solutions of diamidino stilbene, though unchanged 
by heating for short periods and by storage for 14 days in the 
dark, are rendered considerably more toxic by relatively short 
exposure to daylight. Fulton (1943) found that other of the un- 
saturated compounds were similarly affected, and the practical 
application of this work is that solutions of the unsaturated 
amidines should be freshly prepared for use. Barber, Slack 
& Wien (1943) arrived at similar conclusions, and Henry 
(1943) has extended the observations on the toxic products of 
exposure to light, with a view to finding stable compounds. 
In the paper quoted above, Fulton & Yorke note that late 
toxic symptoms in Sudanese patients developed some time 
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RECENT WORK ON THE PHARMACOLOGY OF SULPHONAMIDES 


FRANK HAWKING, D.M. 

National Institute for Medical Research, London 


Under the heading of pharmacology, it is convenient to 
consider all the actions of sulphonamide compounds on the 
body of the host, excluding the detailed discussion of the 
toxic symptoms encoimtered in clinical practice. On the 
whole, sulphonamides are rather inert from a pharmaco- 
logical standpoint, and the greater part of any article on this 
aspect is necessarily occupied by a consideration of the 
factors involved in maintaining an optimal concentration at 
their site of action. 


Methods of Estimation 

The study of blood concentrations has been a special feature 
■ the history of sulphonamides. Although methods of esti- 
ation were described at an earlier date by Fuller (1937) it is 
MarshaU and his school that we owe this special develop- 
ent, which has had most fruitful consequences. Numerous 
ipers have appeared during recent years, but few of them 
,Sain anything new. Difficulties m the 
ilphathiazole are discussed by Sunderman & Pepper (19^). 
Lple rapid method using tabled of 
r coloured Incite to match the colour is reported by Sheftel 


(1941). The estimation in bile is described by Carryer & 
Osterberg (1942), the bUe pigments being precipitated by zinc 
sulphate and potassium carbonate. Methods of micro- 
estimation are given by Churg & Lehr (1941), Jorgensen (1942) 
and Lee, Hannay & Hand (1943). Microtests, using a strip 
of paper impregnated with Ehrlich’s reagent (p-dimethyl- 
aminobenzaldehyde in acid), have been described for blood 
(suitable for use at the bedside) by Fuller (1942), and for 
serum by La Rosa (1943). Bogen (1943) reports a simple 
method of testing urine to see if the patient has already 
received sulphonamide (a drop of urine is placed on wood- 
pulp paper, e.g. newspaper, and a drop of hydrochloric acid 
is added ; with sulphonamide a yellow colour appears). 
A method for histological demonstration in the tissues is 
given by MacKee, Herrmann, Baer & Sulzberger (1943). 
Procaine (novocaine) gives the same colour as sulphonamides 
in Marshall’s test (which can thus be used for its estimadon) ; 
consequently this and other local anaesthetics which contain 
the p-aminobenzoate group must not be used for the collection 
of specimens for sulphonamide estimadons (Buder & Nadler, 
1941). 
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Absorption 

When solphonamidcs arc taken by mouth llicy arc rapidly 
absorbed. Apparently most of this absorption occurs in the 
upper part of the small intestine, but there is evidence 
suggesting that much may be absorbed through the stomach 
wall. Usually absorption is complete before the ilcocax^al 
valve is ached. Sulphanilamidc and sulphathiazole arc 
rapidly ■ jorbed, sulphadiazinc more slowly. The absorp- 
tion of ;alphapyridine is slower, less regular, and less com- 
plete than that of ‘ le other compounds (Kinsman, Moore & 
Harrison, 1940). Absorption from the large intestine can 
occur, but the rate is slower (Turcll. Marino & Ncrb, 1940 ; 
Marshall, Bratton, White & Litchfield, 1940). In cases where 
oial administration is not possible, e.g. after operation on the 
stomach, sulphanilamidc may be given per rectum, but the 
amount absorbed is always uncertain and the resulting blood 
levels tend to be low (Wood,. 1941). Sulphapyridinc and 
sulphadiazinc are both poorly absorbed from the large intes- 
tine (Peterson, Strauss, Taylor & Finland, 1941). 

If the sulphonamide is given with an empty stomach, it is 
absorbed slightly more quickly than if given aflcr a meal ; but 
the difference is not sufficiently great to be of clinical im- 
portance or to compensate for the greater risk of nausea. 
Similarly the administration of acid or alkali at the same time 
as the sulphonamide does not appreciably alter the rate of 
absorption (Peterson & Finland, 1942; Wilson, 1943). 
When sulphapyridinc, sulphathiazole or sulphadiazinc are 
given by tube directly into the duodenum, absorption may be 
greatly diminished, suggesting that a considerable portion of 
the sulphonamide may reach the blood stream through the 
stomach wall ; this effect was not shown when sulphanilamidc 
or sodium sulphadiazinc were given (Peterson & Finland, 
1942). When very rapid absorption is required, as in 
meningitis, it has been suggested (Loughlin, Bennett, Flanagan 
& Spitz, 1943) that the sodium salt of sulphadiazinc (or 
sulphatWazole) might be given while the stomach is empty, 
but the issue of the sodium sulphonamides for oral adminis- 
tration has not received the approval of the Council on 
Pharmacy and Chemistry of the American Medical Associa- 
tion, and in such cases it is better to inject the compound 
intravenously (or intramuscularly). It is claimed that the 
absorption of sulphanilamidc can be accelerated by giving it 
as a solution with glucose, glycerin and sodium lactate, or with 
sodium lactate and potassium citrate, but the difference is not 
great enough to be of clinical value (Siebert & Loose, 1940). 

Sulphanilamide and the soluble preparations of the other 
sulphonamides are quickly absorbed when injected intra- 
muscularly or subcutaneously. Absorption is of course most 
rapid (instantaneous) when the compound is injected intra- 
venously. Absorption is also rapid from serous cavities, 
such as the peritoneum and pleura (Hawking & Hunt, 1942 ; 
Vickers, 1943), from large raw areas, e.g. bums, and from 
large wounds (depending on their size, shape and vascularity) ; 
on the average absorption from these sites is about half-as 
rapid as from the alimentary canal. 

Distribution 

After absorption into the blood stream, sulphanilamide 
diffuses through the whole body. In dogs, about 4 hours 
after an oral dose, the compound is distributed approximately 
evenly through all the tissues except bone and fat, and the 
concentration in the tissues is equal to that in the blood 
(Marshall, Emerson & Cutting, 1937b). During the period 
preceding this phase of equilibrium, the concentration in the 
blood is greater than that in the tissues ; following this 
phase, the blood concentration is lower than the tissue con- 
wntration (Alexander, 1943). Althou^ there is no tendency 
lor the compound to be concentrated in any special tissue, 
some organs contain more than others. Thus during the 
nist six hours (in rabbits) if the concentration in the blood is 
taken as 1-0, the average concentration in the liver is 1'2, 
in the kidney 2-0-3 -6, in the brain about 0-6, and in the 
"fw' ° ^ (Alexander, 1943). According to some figures 
ot Waterhouse & Shannon (1942) for dogs, if the concentra- 
®f sulphamlamide in the plasma is taken as 1 -0, that in 

a erythrocytes is 1-4, in the lung 1 • 1, in the liver 1 ■ 3, in the 
panOTas l-l, in muscle 1-1, in the cerebrospinal fiuid and 
in the brain 0-6, and in nerves 0-76. In dogs, no acetylation 
occurs and all the sulp'—nilamlde is present in the free form. 

ome figures for the d--tribution of sulphapyridinc in the 
°£Sans of patients dying of meningitis are given by Janbon, 
i-naptal & Lazerges (1942). 


The distribution in the blood between the erythrocytes and 
the plasma differs somewhat with the different compounds. 
Thus if the concentration of the free form in the plasma is 
1 -0, that in the erythrocytes is : 


sulphanilamide . 1-0 -2-1, 
sulphapyridinc . 0-6 -1-1 
sulphathiazole . 0-3 -0-4 
sulphadiazinc . 0-25-0-5 - 
sulphamcrazine . 0-3 
sulphacetamidc . 1-5 
uliron . .1-0 


f (Simesen, 1941a, 1941b; Rein- 
hold, Flippin, Schwartz & 
Domm, 1941 ; Ratish, Shack- 
man &Bullowa, 1942 ; Murphy, 
Clark & Flippin, 1943) 


Similarly as regards the penetration into the cerebrospinal 
fluid, if the concentration in the plasma is LO, that in the 
cerebrospinal fluid (when equilibrium is reached) is : 


sulphanilamidc . 0-7 -1-0 
sulphapyridine . 0-7 
sulphathiazole . 0- 15-0-4 
sulphadiazinc . 0-5 -0-8 

sulphamezathinc 0-5 -0-8 
sulphamcrazine . 0-3 -0-7 


/(Marshall & Litchfield, 1939; 
I Sadusk, Blake & Seymour, 1940 ; 
-.Banks, 1941; Long, 1941; 
Reinhold, Flippin, Schwartz & 
'Domm, 1941) 

(Macartney, Smith, Luxton, 
Ramsay & Goldman, 1942) 
(Murphy, Clark & Flippin, 1943) 


(Probably the differences between the various compounds 
are due to the differing amounts “ bound ” to the plasma 
proteins ; see below). Actually the ratio (concentration in 
C.S.F. /concentration in plasma) is lower than these figures 
during the earlier part of treatment, when the blood con- 
centration is rising, and higher when administration of the 
drug is stopped and the blood concentration falls. Similarly, 
the concentration in peritoneal, pleural and joint effusions, 
tends to be somewhat lower than that in plasma when equi- 
librium is reached ; but there is a lag of 2-3 hours in arriving 
at this position (Cantarow,, Cubberley & Rakoff, 1942). 
Prontosil rubrum enters the cf -ebrospinal fluid only with 
difficulty, but prontosil soluble enters more easily (Katzenel- 
bogen, Cruvant & Silverberg, 1941). The concentration of 
sulphathiazole in the fluid of infected or iminfected knee 
joints is approximately the same as that in the blood (Heyl, 
1941). As regards the eyes, when sulphanilamide is given 
to dogs, the concentration in the aqueous humour one hour 
later is about 33 % of that in the blood, rising to a maximum 
of about 61 % four hours after administration (Bellows & 
Chinn, 1939) ; when 100 mg. sulphapyridine was appUed 
locally to the conjunctiva (of rats) the concentration one hour 
later was 47 mg. per 100 cm.’ in the conjunctiva, 30 mg. in 
the cornea, and only 5 mg. in the aqueous humour (P’an, 
1941). The content of sulphapyridine in the pancreatic juice 
(of cats) after its administration by mouth, is sh’ghtly less 
than that of the blood (Taylor & Agren, 1940) ; [for bUe, 
see under “ Excretion.”] Sulphanilamide is also found m 
menstrual blood ; but in the normal secretion of the cervix 
uteri it is present in such small amounts that its bacteriostatic 
action is problematic. 

The fatiis. Sulphonamides pass through the placenta into 
the fcetal circulation, and there are therefore possibilities of 
toxic and of therapeutic action. Speert (1943) recommends 
that in order to prevent bacterial invasion of the foetal blood 
vessels in cases of prolonged labour with ruptured mem- 
branes, and in cases where it is desired to protect the foetus 
against intrapartum infection by gonococci from ^e mother, 
the woman in labour should be given a single intravenous 
dose of 5 g. sodium sulphadiazine ; during the next few 
hours concentrations of 9-11 mg. per 100 cm.’ 'vill be main- 
tained in the foetal blood and 10-20 mg. in the maternal blood 
This procedure involves a possible (but low) nsk of renal 
obstruction in the mother. Although prolonged treatment 
with sulphanilamide is injurious to the foetus (Adair, Hessel- 
tine & Hac, 1938 ; Speert, 1940), in animals or in hu^n 
beings the danger from a single dose is prob^ly small 
(Phih’pp 1941). In IS cases treated by Speert (1943) and in 
35 cases reported by Kayser (1941) f = ‘^^Idren ap^red 
completely unharmed ; on the other hand, the tabj of on. 
of 13 mothers taking sulphanilamide suffered fto.m se e 
an$mia and jaundice which may have been due to th. 
treatment (Heckel, 1941). . 

Combination of sulphonamides with 

of the sulphonamide in the plasma IS bound in 

te plasma proteins, and is not free to pa« through a d.ab^ 
membrane. The combination to 

strong as sulphonamides are not precipitated to any 1-^ 
“when the proteins of blood or serum are throwu down 
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by trichloracetic acid in the first stage of Marshall’s quanti- 
tative test. The combination apparently involves principally 
the plasma albumin, while the ^obulin and lipoids are not 
concerned (Davis, 1942). The higher the concentration of 
sulphonamide, the smaller the percentage of bound drug ; 
the figures below refer to blood-concentrations of the thera- 
peutic range (2-20 mg. per 100 cm.®). The amount bound 
is approximately proportional to the amount of albumin 
present. The binding is not diminished by denaturation of 
the protein with ultra-violet light (Davis, 1943). Similarly, 
red prontosil is combined with the albumin of the serum but 
not with the globulin, as was shown by Schonholzer (1940), 
using a cataphoresis technique. The extent to which this 
binding occurs differs with the different compounds, as is 
sho\vn below (Davis, 1942; Heinemann, 1943): 


sulphanilamide 
sulphapyridine 
sulphathiazole 
sulphadiaane . 


12-20% bound 
40-45 % „ 

75-80% „ 

55-60% „ 


Compounds similar to the sulphonamides but lacking the 
p-amino group, and acetyl derivatives of sulphonamides are 
boxmd to the proteins in the same way (Davis & Wood, 1942). 
Apparently the bound drug is not bacteriostatic, although, as 
the combination is loose, it forms a store of potential activity. 
The occurrence of this combination with protein probably 
explains the different distribution of the various compounds 
between plasma and erythrocytes, and between blood and 
cerebrospinal fluid, which have been described above. In 
fact the calculated distribution between blood and a dialysate 
through a membrane permeable to sulphonamides, but not 
to protein, agrees closely with that observed clinically between 
blood and cerebrospinal fluid. Such combinations with 
I proteins may conceivably play a part in the production of 
such sensitization phenomena as drug-fever and specific 
skin sensitivity. 


Metabolism of Sulphonamides 

As is well known, much of the sulphonamide compound 
introduced into the body is conjugated, especially with ace- 
tate, to form acetyl derivatives which are therapeutically 
inert, although equal in toxicity to the original sulphonamide. 
Sulphanilamide and sulphapyridine are more readily acetyl- 
ated than sulphathiazole and sulphadiazine. On the average, 
about 20 % of sulphanilamide in the blood and about 25-60 % 
of that in the urine is in the conjugated state. With sulpha- 
pyridine, about 33 % (10-45 %) of the total compound in 
the blood and about half of that in the urine is acetylated in 
man (Kinsman, Moore & Harrison, 1940). With sulpha- 
diazine, the acetylated form accounts for about 10 % of the 
compoimd in the blood and for ..bout 25-33 % of that in the 
urine (Peterson, Strauss, Taylor & Finland, 1941). With 
sulphathiazole, about 20 % of the compound in the blood is 
acetylated (Frisk, 1940a, 1940b), or 0-30% (average 12%) 
(Sadusk, Blake & Seymour, 1940). 

The site of acetylation seems to be mostly in the liver 
(Harris & Klein, 1938), though in some am’mals other organs 
also can bring about this conjugation. In rabbits it occurs 
only in the liver ; in cats it occurs in both liver and spleen 
(Van Winkle & Cutting, 1940). Curiously, acetylation can 
also be brought about by fowl pox tissue in vitro (Goth, 1942). 
Apparently acetylation in vitro is dependent on the intact liver 
cell, and aerobic respiration is essential. Acetylation of 
sulphanilamide can be increased in mice by giving sodium 
acetate with the drug; the acute toxicity of the sulphanil- 
amide is somewhat diminished but its curative action for 
streptococcal infections is said to be unchanged (James, 
1939). It has been denied that the first step in the pro- 
cess of acetylation is the conversion of sulphanilamide into 

the p-hydroxylamino derivative — HO.HN!(^^ ^S 02 .NH 2 


rhorpe, Williams & Shelswell, 1940). When an acetyl- 
ulphonamide is given by mouth, some of it is deacetylated . 
n the body liberating a small amount of the active sulphon- 
Inude • part of this reversal of the conjugation occurs in the 
iver (^t) (Van Winkle & Cutting, 1940), and the kidney 
^chicken) also contains an enzyme which will produce this 

'^BKideTAe’s^phonamide inactivated by acetylation, there 
is evidence that part is combined with other compounds 
(especially glucuronic acid), or is degraded by other chemical 
proSses^ Thus, if sulphapyridine is fed to rats it increases 


the output of glucuronic acid, and it is suggested that 40 % 
of the so-called “ free ” sulphapyridine excreted may really 
be glucuronate (Scudi & Robinson, 1941) ; sulphanilamide 
does not stimulate this output of glucuronate, while sulpha- 
thiazole does so only moderately. In dogs, part of the 
sulphapyridine is excreted as a glucuronate attached to a 
hydroxyl group on the pyridine ring of sulphapyridine 
(Weber, Lalich & Major, 1943). Glucuronic acid, given to 
rats, inhibits the conjugation of sulphanilamide (Martin, 
Rennebaum & Thompson, 1941). When sulphanilamide is 
given to rabbits there is an increase in the amount of 
ethereal sulphate excreted in the urine; probably 6-12% 
of the sulphanilamide is converted into a phenolic form— 

HO<^~ ^SOjNHj — and excreted as a conjugated sulphate 

(Shelswell & Williams, 1940). Rimington & Hammings 
(1939) showed that part of the sulphonamide may be oxidised. 
But although these various reports are suggestive, they are 
either incomplete or lacking in confirmation, and it seems 
clear that acetylation accounts for the greater part of the 
sulphonamide which is inactivated in the body. On the other 
hand, it has been shown by Simesen (1941a) that during the 
first day (in mice) up to 50 % of the sulphanilamide may be 
destroyed in some way at present unknown, while 40-50 % 
of sulphathiazole and of sulphacetamide is destroyed in this 
time ; 40-50 % of sulphapyridine is destroyed in 2-3 days, 
and 70 % of uliron in 3-4 days. Alexander (1943) has con- 
firmed this by giving sulphanilamide to mice and analysing 
the amount found in the excreta and in the (minced) body 
after various periods. 


Excretion 

i. Urine. The main excretion of sulphonamides is through 
the kidney, the amounts passing out by other routes being 
comparatively insignificant. Part is excreted unchanged and 
part as the acetyl derivative, as has been described above. 
Apparently sulphanilamide passes out from the plasma into 
the glomerular filtrate and some of it is reabsorbed in the 
tubules. In dogs, the sulpham’lamide clearance is 20-30 % 
of the creatinine clearance (only slight reabsorption in the 
tubules), so presumably 60-70 % of the sulphanilamide in the 
glomerular filtrate is reabsorbed. The clearance is inde- 
pendent of the plasma level, but increases as the flow of urine 
is increased. In rabbits, the clearance of sulphanilamide is 
30-40 % that of creatinine and inulin, but the clearance of 
acetyl sulphanilamide is the same as that of these two com- 
pounds ; presumably acetyl-sulphanilamide is not reabsorbed 
in the tubules (Loomis, Hubbard & Koepf, 1943). The 
average renal clearances in man for the original sulphon- 
amides and their acetyl derivatives respectively are : 

sulphapyridine . 23 and 58 cm.® of plasma per minute 

sulphathiazole . 43 „ 55 „ „ „ „ 

sulphadiazine .31 „ 59 „ „ „ „ .. 

i.e. the amount of compound present in this volume of plasma 
is excreted by the kidney per minute. 

As regards the proportion of the dose excreted in the 
urine various estimations have been given : 

Sulphapyridine (usual clinical dosage) : 60-90 % (Frisk, 
1940a) ; or about 30 % (22-56 %) (Kinsman, Moore & 
Harrison, 1940) appears in the urine, about half being in the 
conjugated form. 

Sulphathiazole : Daily excretion amounts to 75 % of the 
intake (Simesen, 1941b), to 86-92% of the intake (Frisk, 
1940b) or to 100 % (Spink & Hansen, 1940). 

Sulphadiazine: When 4-5 g. is given orally, 60% is 
excreted in urine in 24 hours, and 75 % in 72 hours ; a quarter 
to a third is in the conjugated form (Peterson, Strauss et al., 
1941). Other data are given by Ratish, Shackman & Bullowa 
(1942) ; Reinhold, Flippin et al. (1941) ; and Sadusk, Blake 
& Seymour (1940). When it is desired to increase the ex- 
cretion of sulphadiazine (e.g. because of agranulocytosis) 
sodium bicarbonate should be given; to decrease the con- 
centration in the urine (e.g. because of renal complications) 
large volumes of 5-10 % glucose should be injected intra- 
venously or much water may be given by mouth ; intravenous 
injection of sahne is less effective (Peterson, Goodwin & 
Finland, 1943). 

ii. Ftsces. The work of Marshall, Bratton et al. (1940) 
on sulphaguanidine and the treatment of bacillary dysenteo' 
has directed attention to the amount of sulphonamide 
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appearing in the faxes. Practically all such compound 
represents the portion which has not been absorbed during 
passage down the alimentary canal ; very little represents 
true e.\cretion by the bile or by the mucous membrane of the 
large intestine. Thus, when sulphaguanidinc is injected sub- 
cutWously into cats, only very small amounts appear in the 
fffces (Hawking, 1942b). When given as a short therapeutic 
course to man, sulphapyridine, sulphathiazolc, sulphadiazine 
and sulphanylbenzamidc reach the feces only in small 
concentrations, e.g. 0-70 mg. per 100 cm.’ (Hawking, 
1942a). Uliron apparently reaches the feces in about the 
same amount as sulphaguanidinc; when 12-18 g. is given 
during 6 days, about 7 g. appears in the feces and about 3-4 g. 
in the urine (Reimers, 1939 ; Marquardt, 1938). But no report 
on the use of uliron for baciilao’ dj'sentcry has appeared. 

iii. Bile. Sulphanilamidc and other sulphonamidcs appear 
in the bile only in concentrations about the same as those in 
the blood ; no large amount of the acetyl derivative appears, 
so that, although it is formed in the liver, it is not c.xcreted 
by this route (Hubbard & Anderson, 1940 ; Spink, Bergh & 
Jermsta, 1941 ; Hubbard & Butsch, 1941). Accordingly 
sulphonamidcs are unlikely to have any special influence in 
cholecystitis, beyond their general influence on inflammation 
an}’\vhere in the body. 

iv. Other secretions. Sulphonamides appear in most of 
the other excretions and secretions in concentrations similar 
to those of the blood. Sulphapyridine injected parenterally 
appears in the gastric juice (apparently by a process of 
physical diffusion, Davenport, 1942), and this may be the 
explanation of the vomiting which may occur in such patients. 
Sulphathiazolc appears in the tears in concentrations of 
OT-TO mg. per 100 cm.’, but this is not the direct cause 
of the conjunctivitis which sometimes develops ; such con- 
junctiritis is probably due to acquired sensitivity (Turkell & 
Wilhelm, 1941). 

V. Milk. Sulphonamides appear in the milk of lactating 
women in amounts similar to those of the plasma. Thus 
during a therapeutic course, the milk may contain sulphanil- 
amide up to 9 mg. per 100 cm.’ (Hepburn, Paxson & Rogers, 
1942), sulphapyridine 3-13 mg. per 100 cm.’ (Follmer, 1941), 
or sulphathiazole 0-5-1 -5 mg. per 100 cm.’ (Rieben & Druey, 
1942), and the infant may receive sulphapyridine 30-40 mg. 
per day or sulphathiazole about 4 mg. per day. Other studies 
have been made by Cibils Aguirre, Calcarami, Aguilar 
GLraldes & Berisso (1942). It is the general opinion that the 
amount appearing in the milk of the mother is too small to 
exert any effect, toxic or therapeutic, upon the infant. 


Blood Concentrations 

The table shows typical blood-concentrations following 
the administration of the different sulphonamides ; 




Blood Concentration 


Compound 

Dose 

mg, per lOO cm.* 

Reference 



Free 

Total 


Sulphaml- 

amide 

4 S. 

4* 



Sulpha- 

pyridine 

2-4 e. 

2-4g.followed 
by I g. 4- 
hourly 

I (o-s-5-0)* 
4-2-6-s 

2-6 

5-6-8‘6 

Kinsman, Moore 
& Harrison 

(1940) 

Sulpha- 

thiazole 

1 B* 4“hourly 

2 » 

3 » 

4-6 (I -6-8-7) 

6 (2-2-13-2) 
6-s (3-0-9-6) 


Melton (t94t) 

Sulpha- 

diazine 

2 g. 

5 8. 

4-5 8- 

3 8* followed ' 
by I g. 4- 
hourly 

2- 0-3-3* 

3- 6-5-5* 

8*S(6*7-io* 8) 
(after 24 hours 

2-4) 

9*5(4*4-19*0) 

9-9'(7-9- 

12-6) 

II-3 

1 Ratish, Shack- 
man & Bul- 
kjwa (1942) 
Petenon, Strauss 

er cl (1941) 

Reinhold, Tlij^ 
pin et ol 

(1941) 

Sulpha- 

mezaThine 

4 8- followed 
by 2 g. 6- 
hourly 

6 (2-13) 


Macartney et al 
(1942) 

Sulpha- 

merazine 

3 8- followed 
by I g. 6-8- 
hourly 

10-3 (3-5- 

15-0) 


Murphy, Clark 
& Flippin 

(1943) 

Sulpha- 

guanidine 

x-7 8. 

I-S-4-0* 


Alarshall, Brat- 
tonrtc/.(x94o) 

Sucdnyl 

sulpha- 

thiazole 

t? 8* followed 
by 3 E. 4- 
hourly 

0‘5-i*o (sul- 
phathiazole) 

I-0-2*0 

(succinyl 

sulpha- 

thi^ole) 

Poth & Knotts 

(1944) 


ccnccntraiion at about 4 ho-urs after single dose is taken. 


Solubilities of Sulphonamide Compounds 
The solubilities of the various sulphonamide compounds 
and their acetyl derivatives are often important. The table 
shows the solubilities of the sulphonamides and their acetyl 
derivatives in mg. per 100 cm.’. 


Compound 

Water 

16- 

17“ c 

Water 
37’ C. 

Scrum 
37” C. 

Acid 

Urine 
37° c. 

Alkaline 

Sulphamlamide . 

440 

1500 

1970 


-1500 

89 

SuIphap>Tidine . 

17 

52 

61 

39 




(pH s -4) 


(pH 8-2) 

Sulphathiazole . 

36 

96 

184- 

102 


359 



330 

(pH 5 - 4 ) 


(pH 8-2) 

Sulphadiazine . 

7-8 

15 

160 

18 




220 


(pH 5 - 5 ) 

220 

(pH 7 - 1 ) 

(pH 7 -S) 

Sulphaguanidine 

Sulphacetamide . 

460 

XIOO 



2200 


Succinyl sulphathiazole 


70 




297 

(pH 7 * 5 ) 

Sulphamezathine 


190 


191 

(pH 5 * 5 ) 


Sulphamcrazine . 

Acetvl sulphanilamidc. 


534 



ZIO 

(pH 7*0) 

89 

(pH 8-2) 

,, su]phap>Tidme . 


24 

33 

(pH 5 * 4 ) 

• 

„ sulphathiazole , 


6 

104 

10 

(pH 5*4) 


26s 

(pH 8-2) 

,, sulphadiazine . 


30 

126- 

198 

26 

(pH 5 - 5 ) 

81 

(pH 7 - 1 ) 

248 

(pH 7 - 5 ) 

„ sulphaguanidinc 


40 



176 

(pH 7 -S) 

„ sulphameza- 
thinc 


Its 


115 

(pH 5 * 5 ) 


„ sulphamcrazine 




330 

,(PH 70 ) 



The solubility of the compounds ^tiov^is^^mUy in^msed 

by making t -■■■■■■■ - *— -jed 

in the exc-et . ■ - ■ ■ _ 

sulphacetan ■ ■ ■ ' , 

Thesodi. . ■ ...... up 

to about 1 pan in 3. 


Action on Various Organs 

Examined by the methods of classical pharmacolo^', 
sulphonamides are comparatively inert and sulphanilamidc 
has no effect upon intestine, uterus, heart or blood pressure. 
Given in toxic doses to laboratory animals, it depresses the 
cerebral cortex and excites subcortical centres, producing 
coma followed by a condition resembling decerebrate rigidity 
(Hawking, 1937 ; Marshall, Cutting & Emerson, 1938). 
A case has been recorded (Cutts & Bo\\Tnan, 1941) of a man 
who was given by mistake 30 g. sodium sulphapyridine 
during a 10-hour period. The main nervous symptoms were 
restlessness, vomiting and hiccough, but no convulsions, 
twitching or loss of mental lucidity. When monkeys are 
given repeated sublethal doses of sulphapyridine or sulpha- 
thiazole, a characteristic symptom-complex is produced, 
consisting of anorexia, increasing nausea, with or with^out 
vomiting, and diarrheea. The commoner toxic effects which 
occur in man are too weU known to require detailed desenp- 
tion They may be classified as: Irritation of ahmentary 
canal (nausea and vomiting) ; effects on blood cells and bone 
marrow (h$molytic anaemia, agranulocytosis, thromboc>lo- 
oenia) ■ effects on blood pigments (cyanosis, methsmo- 
^obinsmia, sulphsmoglobinaemia) ; sensiuzat.on pheno- 
mena (drug-fever, skin rashes); degeneration of particular 
organs Oaundice and liver damage, peripheral neuntis) and 
effSts on the brain (mental depression, headache and 

dizziness). 

Effect on Acid-Base Balance 

Sulphanilamide tends to cause a shift in 
body fluids towards the acid side, bicarbonate being lost from 
the blood. It has been shown that this effet is pnman > 
due to the renal excretion of more bicarbonate 
kidney ceUs reabsorb less bicarbonate from the glomerular 
fflS as it flows down the tubules) (McChesney, Sprague i 

with the ability of sulphanilamide to ‘ rbon 

dio,xide from the carbonate of the ^ reversiblv 

Mann & Keilin (1940). phon-’m-des in 

inhibited by sulphamlamide, but _Sq, v;h. 

which substitutions have been inserted on the iu.... ni. 
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carbon dioxide from the lungs in men at rest, but in exhausting 
exercise there is some hindrance ; and men taking 2-3 g. 
sulphanilamide daily are handicapped mentally and physically 
when required to perform exacting or strenuous work 
(Roughton, Dill, Darling, Graybiel, Knehr & Talbott, 1941). 
On the other hand, men taldng 2~4 g. sulphathiazole or 
sulphadiazine are not handicapped in this way (Roughton, 
Darling, Forbes, Horvath, Robinson & Talbott, 1942), 

Other Actions 

Sulphapyridine has some antipyretic action, which may 
partly account for the rapid fall of temperature which it 
causes in patients with pneumonia (Nicolai, 1941). The 
action of sulphonamides on isolated tissue cells, and their 
behaviour when applied locally to wounds has been described 
by Hawking (1943). 

Relation to Diet 

In laboratory animals which have been placed on a high- 
protein diet, compared with those on a low-protein diet, 
the toxicity of sulphonamides is diminished, but so also is 
their therapeutic action against streptococcal infections ; 
apparently the high-protein diet produces increased excretion 
of the sulphonamides, and the blood concentration is there- 
fore lower than usual. These facts are important for the 
standardization of laboratory tests, but not for clinical pur- 
poses (Smith, Lillie & Stohlman, 1941 *, Rosenthal, 1941). 
When rats are placed on purified diets containing sulpha- 
guanidine or succinyl sulphathiazole (which suppress the 
growth of coliform bacilli of the large intestine) growth is 
diminished and various pathological lesions are caused, 
e.g. aplasia of the bone marrow, hyaline sclerosis of blood 
vessels and viscera, dermatitis, and hypertrophy of the thyroid 
gland. It is considered that these effects are probably due to 
I lack of substances such as folic acid, which are synthesized 
f fay the bacteria of the large bowel (Ashbum, Daft, Endicott 
& Sebrell, 1942 ; Black, Overman, Elvehjem & Link, 1942 ; 
Mackenzie, Mackenzie & McCollum, 1941). 


Latven, Benson & Shiels, 1943 ; Murphy, Clark & Flippin, 1943) 
and clinical (Clark, Flippin & Murphy, 1943; Gefter, Rose 
Domm & Flippin, 1943 ; Hall & Spink, 1943 ; Hagcman, Harford’ 
Sobin & Ahrens, 1943). ’ 

Sulphamerazinc is more quickly absorbed than sulphadiazine 
and more slowly excreted than sulphamezathine, and its blood- 
concentration therefore rises more quickly and is longer sustained 
than those of these two other compounds. A dosage of 3 g. 
(initial) by mouth and 1 g. every 6-8 hours produces a blood- 
concentration of 8-lOmg. per 100cm.*. In the blood, 9-1 5% of the 
drug is in the acetylatcd form, and in the urine 37-50 %. Urinary 
excretion accounts for 40 % (average) of the ingested drug within 
24 hours and 58 % within 48 hours. With equal blood-concen- 
trations, the toxicity and therapeutic activity are closely similar to 
those of sulphadiazine, but an adequate blood-concentration can 
be maintained by lower arid less frequent dosage than in the case 
of sulphadiazine. An average blood-concentration of 27 mg, (but 
not of 32 mg.) per 100 cm.* can be tolerated by monkeys for long 
periods. Although the solubility of sulphamerazinc and acetyl 
sulphamerazinc is relatively high, giving rise to the expectation 
that renal complications would be infrequent, 6 cases of definite 
renal symptoms occurred in about 400 cases. 

Sutphapyrazine : [2(p-aminobenzene-sulphonamido)-pyrazine]. 


H.N- 


\ / 


SO,.NH— c/ 


CH— NH, 


\- 




CH 


■NH— CH^ 


Small doses of this compound lead to a relatively high blood- 
concentration while large doses cause no corresponding increase. 
Consequently, at a low dose level, sulphapyrazine is more active 
than other sulphonamides, but at a high dose level this advantage 
disappears. Absorption is somewhat irregular, maldng its thera- 
peutic effect uncertain ;■ this irregularity would be a handicap for 
clinical use. As absorption in the intestine is incomplete, large 
proportions of the ingested dose reach the faeces, and this com- 
pound would therefore appear to be suitable for the treatment of 
bacillary dysentery; but no clinical reports have yet appeared 
about its use for this condition (Ruegsegger, Hamburger, Turk, 
Spies & Blankenhorn, 1941 ; Schmidt & Sesler, 1943; White, 
1942). 

Sulphaguanidine : [p-aminobenzene-sulphonyl-guanidine]. 


Notes on the Pharmacology of Some Newer Sulphonamides 
Sulphamezathine : f2(p-ammobenzene-sulphonamido)-4 : 6-di- 
methyl-pyrimidine]. 



K-C-CHt 

II II 

— SO,.NH— C CH 

I 1 

N— C— CH, 


Synthesized by Sprague, Kissinger & Lincoln, 1941, and by others, 
and introduced (as sulphamethazine) for clinical use by Macartney 
et al. 1942. More soluble than sulphadiazine or sulphamerazine. 
Rapidly absorbed from the intestine, but slowly excreted, so that a 
high blood-concentration can be produced by moderate dosage. 
When 4 g. is given by mouth for pneumonia, followed by 2 g. 
every 6 hours (or 1 g. every 4 hours), the blood-concentration of 
free sulphonamide reaches 8 mg. per 100 cm.* in 1-3 hours and the 
subsequent blood level ranges from 2-13 (average 6 mg.) per 
100 cm.*. The total recovery in the urine is usually about 50 % 
of the amount ingested. Judged according to equal blood- 
concentrations, the toxicity and therapeutic potency are similar 
to those of sulphadiazine. Although both sulphamezathine and 
its acetyl derivative are comparatively soluble, one case of 
hicmaturia and one of urinary suppression occurred in a series of 
77 patients (Peters & Easby, 1943). 

Sulphamerazine : l2(p-aminobenzene-sulphonamido)-4-methyl- 
. pyrimidine]. 


N— C-CH, 


H,N-/ ’VSOj.NH-C CH 


\ / 


N=CH 


Synthesized by Roblin, Williams, Winnek & English (1940). At 
first it was not tried clinically for fear that, as a methyl de- 
rivative, it might cause peripheral neuritis (cf. uliron and sulpha- 
methylthiazole) ; but this fear has been shown to be unfounded 
and it has been the subject of many American papers both pharma- 
cological (Goodwin, Peterson & Finland, 1942 ; Welch, Mattis, 


HsN— / \sOj.N=c/^^* H.O 

Sulphaguanidine is poorly absorbed when given by mouth, and a 
considerable portion appears in the feces, this bebg the reason 
which led to its use in. the treatment of bacillary dysentery. After 
doses of 1-7 g. per 70 kg. man, the blood-concentration (free) is 
about 1-5-4 mg. per 100 cm.*, the peak occurring after about 
4 hours ; about 25-30 % of the compound in the blood is acety- 
lated. The proportion excreted in the urine after a single dose of 
1-7 g. is 10^0%, of which two-thirds are free and one-third is 
acetylated (Marshall, Bratton et a!., 1940). After a course of 
9 g. during 24 horns to a patient, 1-3 g. was recovered from the 
feces, and 3-1 g. from the urine in 48 hours (Hawking, 1942a). 
Penetration into the cerebrospinal fluid is low. In dehydrated 
patients with dysentery in the British army in Egypt, sulphaguani- 
dine has occasionally caused blockage of the urinary passages. 
(See also Hawking, 1942b.) 

Succinyl sulphathiazole (sulphasuxidine) : [2-(p-succinyI-amino- 
benzene-sulphonamido)-thia 2 ole]. 

S— CH 

/ V I <1 

HOOC.CHj.CH-.CO.NH./ >SOs..NH— C CH 

N / V/ 


This compound, which was introduced by Poth & Knotts (1941), 
is broken down in the intestine, liberating small amounts of 
sulphathiazole ; the growth of the coliform bacilli (but not that 
of the streptococci) in the large intestine is thereby suppressed and 
the feces become semi-fluid and odourless ; about 2-4 motions 
are passed per day. The compound is recommended for dysentery 
and for the preparation of patients before undergoing operations 
on the large intestine. -The standard dosage in man is 0-25 g. 
per kg. initially, and 0-04 g. per kg. 6 times daily for maintenance. 
The urine contains about 5 % of the total dose administered. The 
blood contains about 0-5-I-0 mg. free sulphathiazole per 100 cm.* 
and l-O-2-Omg. total (i.c. acetyl sulphathiazole plus succinyl 
sulphathiazole) (Poth & Knotts, 1942 ; Poth, 1942). 
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NOTE ON THE BIOLOGICAL STANDARDISATION OF NEOARSPHENAMINE 


FRANK HAWKING, D.M. 

National Institute for Medical Research, London 


Arsphenamine, or salvarsan, the first important chemothera- 
peutic preparation to be discovered, was introduced by 
Ehrlich in the early years of the century. After the war of 
1914-18, an improved modification of it, ncoarsphenamine, 
became the main remedy for syphilis. As both these com- 
pounds were non-crystalline substances, they could not be 
purified and identified by the ordinary methods, and chemical 
tests failed to detect the obscure differences which might lead 
to wide and dangerous variations in toxicity between different 
batches of the same product. Accordingly, biological tests 
were necessary to ensure (i) that a given batch was not 
abnormally toxic, and (ii) that it was not deficient in the proper 
therapeutic activity, as evidenced by its action on laboratory 
infections of Trypanosoma equiperdum in mice. 

At first the biological tests were arbitrarily chosen on an 
empirical basis, and they differed greatly from one country 
another. Tlus position was radically altered by the 
:eting of the International Conference on Biological 
indards at Geneva in 1925. The Conference recommended 
that standard preparations of each of the main compounds 
the arseno-benzene group should be produced, and (ii) that 
:h batch of the remedy manufactured by the industrial 
ms should be tested, so as to show that its toxicity and its 
therapeutic potency did not diverge too far from that of the 
standard preparation. At a later Conference it was agreed 
that manufactured batches issued for clinical use should not 
diverge from the standard by more than 20 %. The practical 
implications of these recommendations were worked out in 
1929 by Durham, Gaddum, & Marchal of the Department 
of Biological Standards of the Medical Research Council', 
they determined the dose-response curve for neoarsphenamine, 
using large numbers of mice, and subjected the data to statisti- 
cal analysis. Later the statistical aspects were developed in 
greater detail by Gaddum (1933). The International Standard 
Preparation of neoarsphenamine was prepared in the first 
place by Professor Kolle of the Georg Speyer Haus, Frankfurt, 
and samples of it were issued to the Department of Biological 
Standards in each of the main manufacturing countries. 
In each country a subsidiary standard was prepared, identical 
in toxicity and therapeutic potency with the International 
Standard Preparation, and this subsidiary standard was. used 
for routine purposes. At the outbreak of the present war 
in 1939, the available supplies of the original International 
Standard Preparation were limited, so a new standard 
preparation was obtained in Great Britain ; it was examined 
by biological assay in the Department of Biological Standards 
of the Medical Research Council and in other British 
laboratories, and was shown to be identical in toxicity 
and therapeutic potency with the previous International 
Standard Preparation. Ampoules of this product were 
stored in several different parts of the country, so as to escape 
complete annihilation during air-raids ; and this preparation 
is now available for standardisation in Great Britain and other 
countries as it is required. 


Biological Testing in Britain 

The various International Conferences on Biological 
Standards left the exact details of the biological tests to 
be regulated by the appropriate authority of each country 
according to its discretion. The tests for undue toxicity 
adopted in Great Britain from 1932 onwards have been as 


jUows : 

Tests on mice. A dose of 0-3 cm.=> of a 2% solution of 
le sample of neoarsphenamine is injected intravenously 
ito 10 mice, weighing 13-15 g. If not more than 2 mice 


die within 3 days, the batch is passed without further test. 
If more than 2 mice die, 20 more mice are treated ; and 
if not more than 15 mice out of the total of 30 mice die, 
the batch is passed. Under the conditions of the assay 
(which are minutely prescribed) it was initially calculated 
that this test ought to be passed by almost all batches having 
a toxicity not greater than 120 % of that of the International 
Standard Preparation. 

ii. Tests on rats. A dose of O’ 225 mg. per g. body weight in 
5 % solution is given intravenously to each of 5 rats weighing 
about 100 g. It is expected that none of these animals shall 
die within 7 days. This test was introduced to detect certain 
irregularities (e.g. the formation of toxic large colloidal 
aggregates in solution) which escaped detection by the mouse 
test, to which it is really secondary. 

Control of Manufacture and Marketing 
British firms may manufacture neoarsphenamine for 
commercial issue only after they have received a licence from 
the Ministry of Health ; such licences are granted only after 
the firm has shown that it is capable of preparing a product 
of the required high standard, and after its premises have been 
inspected and found satisfactory. At the present moment, 
four British firms hold these licences. The official tests are 
carried out by the pharmacologists of the firm for each batch 
of the product, and the experimental protocols are submitted 
for inspection to the Department of Biological Standards 
of the Medical Research Council In certain cases the 
Department may carry out additional tests of its own. When 
the Department is satisfied that the batch has passed the 
official tests, it issues a licence allowing the commercial sale 
of the batch in question. 

Results of Further Experience 
When the regulations for these tests were laid down it was 
assumed that the sensitivity of mice, maintained under uniform 
conditions, was a constant quantity, i.e. that a given dose 
administered to a large group of mice would always cause the 
same mortality. Further experience has shown that this 
assumption is not altogether correct, and that the sensitivity 
of mice can be modified by any change in their environment 
or past history. Many aspects of the matter were investigated 
by Miss W. I. Strangeways, of the Department of Biological 
Standards. The sensitivity of a group of mice depends upon 
the breed of the mice, upon their age, weight, diet and other 
circumstances. It is also affected by the interval between 
the last feeding time and the administration of the drug, by 
the temperature of the room and by the concentration of the 
solution of neoarsphenamine used. Attempts have been 
made to exclude as many as possible of these sources of error 
by minutely prescribing the conditions of maintenance of the 
mice before, during, and after the test ; but it is clear that 
these measures are not altogether satisfactory. The only way 
in which the test can be carried out accurately, is to make a 
direct comparison between the tested batch and a standard 
preparation at each time of testing. Since the influence of 
the environmental factors is the same for both compounds, 
the errors due to them are excluded by this means. A direct 
comparison of this kind is already made by some of the firms 
which manufacture neoarsphenamine and, after the war, the 
official tests will be modified so that this will be the case. 

The test for therapeutic potency, which was in force from 
1932 onwards, depended on administering the product under 
test and the standard preparation in dosages of O’ 03 mg. 
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and 0-025 mg. per g. to groups of 5 mice, one group for each 
dosage of each preparation, i.c. 4 groups in all.- The mice 
carried a suitable infection of Trypanosoma equiperdttm. The 
blood of the mice was examined on the seven succeeding days, 
and it was required that the product under test should show 
a curative action “ not significantly less potent ” than that of 
the standard. In borderline cases, the interpretation of the 
phrase “ not significantly less potent ” was often difTicult, 
the test was not suitable for statistical analysis, and some of 
the details of counting the trypanosomes in the blood of 
the infected mice ware unduly laborious. 

Rcorgam’sation of the Tests 

In slew of the considerations discussed above, the tests 
ware reorganised in 1942. Details of the new arrangement 


of the tests have recently been published by the writer 
(Hawking, 1943). By means of these tests, the safety (freedom 
from abnormal toxicity) and therapeutic efficiency of all 
batches of neoarsphenamine manufactured and issued for 
use in Great Britain is assured. 
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REVIEW OE SELECTED PAPERS 


Modes of Drug Action 

The papers which are reviewed in this section were read at a 
discussion held by the Faraday Society on “ Modes of Drug 
Action.’’ The discussion, with Professor E. K. Rideal in the 
Chair, opened with a General Introductory Address (1943, 
Trans. Faraday Soc. 39, 319) by Sir Henry Dale, President 
of the Royal Society and former Director of the National 
Institute for Medical Research. Sir Henry welcomed the 
growing interest shown by physical chemists in medical research 
problems. It was a truism to say that future explanations of 
life processes would be expressed in terms of complicated and 
labile physico-chemical s}'stems. There had been a tendency 
to oversimplification in interpretations of the effects of chemical 
substances on physiological functions. 

Paul Ehrlich ivos the great pioneer of that aspect of the 
subject which dealt with the chemotherapy of infections. His 
conceptions and terminology still had value as a framework 
for working hypotheses, but should not be confused with 
reality. Referring to the study of progressive changes in the 
actions of series of related compounds, Sir Henry said that 
anomalies might prove of more fundamental interest than 
regularities. 

He then paid a tribute to the value of the work of the late 
rofessor ^ Warrington Yorke, and referred particularly to his 
orsenic-res/smnee in trypanosomes. He con- 
c UMd by pointing out that the papers to be read provided 
eiiaence of a definite advance in knowledge of the subjects 
un er discussion. For example, in place of labels for hypo- 
^ eiical mechanisms, there was a more realistic conception of 
tnterference with vital enzyme systems. The present con- 
1 ergent attack by so many different kinds of experts held promise 
oj important gains to knowledge. 
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biological aspects : the Antagonism of Drugs 

Transactions of the Faraday Society, 
■’"“333, December 1943 

Ma^ recent advances in our knowiedge of how drugs 
Me based on quantitative studies of the extent to which < 
g c^ suppress or “ antagom'se ” the action of anotl 
Such an antidote may counteract the effect of a pois 
tor other drug) in different ways. The two most import! 

are by neutralisation (i.e. changing the poison into 
me compound by combining with it or by some other mea 
OF y competition (i.e. competing with the poison for co 
ma ion with certain hypothetical chemical groups wh: 
are m some way essential to the life of the tissue). 

• '• '■^"Mgonism by neutralisation. A good example of t 
. ® u^tralisation by compounds containing — SH groi 
nn,.., J mercuric chloride or organic arsenical co 

me (1908) has shown that the lethal action 

nercunc chloride upon bacteria can be reversed Qf this 1 
fH— addition of hydrogen disulph; 
P '• Aoegtlin (1925) showed that the lethal acti 
or ‘ype R— As=0 upon trypanoson 

P tats could be prevented by the presence of — i 


compounds. Fildes & Richardson (1937) have shown that 
Staphylococcus and other organisms require — SH com- 
pounds for growth. It has been suggested that mercuric 
chloride and organic arsenical compounds combine with 
— SH groups in the organisms. In this way the — SH group 
is “ blocked ” or rendered inert, and the organism can no 
longer continue the processes necessary for life. On the other 
hand all the observed facts can equally well be explained by 
the view that the — SH compounds act by combining with 
the poison (mercuric chloride or arsenical) outside the cell, 
and thus diminishing the quantity of poison left to act on 
the organism. A considerable excess of the — SH compound 
is required to prevent action, e.g. about twice as much 
glutathione as arsenical compound. As neutrah'sing anti- 
dotes can act only by reducing the concentration of free 
poison (which can be done also by mere dilution) their study 
is unlikely to lead to new pharmacological knowledge. 

ii. Antagonism by competition. Many drugs are believed 
to combine with certain hypothetical receptors in the cell,_ as 
a necessary first stage of their action. After this combination 
has been formed, the drug may produce some specific pharma- 
cological effect or it may merely “ block up ” the receptor 
and prevent its use by some more active drug. This process 
of competition and of blocking has long been kno^TO to 
students of enzymes. Often substances chemically allied to 
the normal substrate of the enzymes will combine with it and 
block it in this svay. The best known example discovered 
by Woods (1940) is the way in which sulphanilanude com- 
petes with p-aminobenzoic acid for combination with some 
receptor which is essential for the normal multiplication of 
the bacterium. Another example, which has been studied 
in great detail, is the competition between oxygen and carbon 
monoxide for combination with hsraoglobin ; in this insfanre 
carboxyhasmoglobin is 240 times as stable as oxyhemoglobin 
and accordingly carbon monoxide is 240 times more acUve 
than oxygen in this reaction. 

The author gives mathematical equations to express the 
quantitative relations between each of these kinds of po^on 
and antidote. But the two types of curve are fau-iy sunilar, 
and it would probably not be possible to distinguish betwi^n 
the two types of antagonism by a study of the qumtitative 
relationships. The distinction can be made only from 
independent evidence that the drugs combme with one 
another, or that they are likely to compete. 

Other types of antagonism beUveen drugs are also known. 
For example, indole-acrylate inhibits the ^owth of ^^am 
bacteria, apparently by interfering with the formauon of 
tryptophane from indole ; a small amount of 
completely antagonises this inhibifion f : 

source of obstruction (of producuon of tiyplophme) thus 
circumvented. 


k H fl90S) J. Hyg., Camb. 8, 92 
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THE CELL METABOLISM OF THE MALARIA PARA- 
SITE IN RELATION TO THE MODE OF ACTION OF 
ANTIMALARIAL DRUGS 

by S. R. Christophers, Transactions of the Faraday Society, 
39, 333-339, December 1943 

The author. Sir Richard Christophers, F.R.S,, is well known 
for his important work in India on malaria. Since his 
return to England he has worked on this subject in London 
and at Cambridge. 

Investigations on the metabolism of malaria parasites were 
commenced by Christophers & Fulton (1938) and their results 
have since been confirmed and extended by various American 
workers. Most of the work has been done with Plasmodium 
knowlesi, a parasite which is virulent for certain monkeys, 
but bird plasmodia have also been used. The whole blood 
from a heavily infected monkey or bird may be used, or the 
parasites can be separated from the blood corpuscles and 
obtained without great damage in a free state. The parasites 
or parasitised blood are placed in a Barcroft differential 
manometer, and the oxygen consumption is measured in the 
usual way. By these means it has been .established that : 

i. Suspensions of parasites consume oxygen at a high rate, 
much higher (e.g. x 300) than does normal blood. 

ii. The uptake of oxygen is proportional to the amount of 
parasites present and to their stage of development. 

iii. The uptake is much greater (x 10) with the large 
forms of the parasite than with the small ones. 

iv. The uptake can be inhibited by even minute traces of 
certain drugs. 

The oxygen uptake is about 2-17 ml. per 10” parasites 
per hour; this is about ^ of the oxygen consumption of 
trypanosomes, which, however, are much larger. Glucose is 
utilised, but the oxygen consumption of malaria parasites 
does not depend so closely upon the supply of glucose, as does 
that of trypanosomes. The malaria parasites use glucose at 
the rate of 18 mg. per 10” parasites per hour, and one mole- 
cule of oxygen is used for each molecule of glucose consumed. 
Half of the glucose which is destroyed is converted into lactic 
acid, and the other half is incompletely oxidised. In addition 
to glucose, laevulose, maltose, mannose, ^ycerol and lactate 
can be used by the parasites, but not other sugars. The 
respiratory quotient is about 0- 78-0 -86, which shows that 
much of the energy is derived from the oxidation of carbo- 
hydrate, This is in contrast to the respiratory quotient of 
trypanosomes, which is only 0-2, indicating that much 
of their metabolism is anaerobic. Acid is liberated by 
plasmodia to a varying extent. The oxidation process 
can be inhibited by cyanide, and it is probable that an 
enzyme-system containing hydrogenase and cytochrome is 
concerned. 

The action of drugs which kill the parasites probably 
depends upon their interference with enzyme-systems ; at 
any rate this forms a good working hypothesis. Antimalariai 
drugs such as quinine, atebrin and plasmoquin actively 
inhibit the oxygen consumption of P. knowlesi, just as they 
exert a therapeutic action upon malaria in vivo. Sulphanil- 
amide, sodium sulphathiazole and sodium sulphapyridine are 
as active in inhibiting the oxygen consumption in vitro as 
they are active in curing the infection in vivo (Coggeshall & 
Maier, 1941). 

These investigations are not likely to lead to the discovery 
of a new antimalariai drug by some short and easy way ; but 
they are especially important because they may show what 
particular link in the cell respiratory mechanism is broken 
by a certain type of inhibiting drug, e.g. quinine, atebrin, etc. 
If this were discovered, the biological chemotherapist would 
be in a much better position to collaborate with the organic 
chemist in his synthesis of new anti-malarial compounds. 
All drugs probably do not act in the same way, but quinine, 
mepacrine (atebrin) and plasmoquin probably all act as 
described: The most outstanding feature of all these toee 
compounds is that they are complex organic bases. Diminu- 
tion of their basic groups diminishes their therapeutic 
activity. The dissociation constants (pK) and the solubility 
of the compounds determine most of the reactions of ^y 
given base in a test tube. The author considers that possibly 
the inhibitory and antimalariai effects of these compounds are 
an indirect effect of their basic character rather than a direct 
result of their molecular structure. 
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THE BLOOD-BRAIN BARRIER AND CEREBRO-SPINAL 
FLUID IN RELATION TO THE EFFICACY OF 
SLEEPING-SICKNESS DRUGS 

by E. M. Lourie, Transactions of the Faraday Society, 39, 
340-348, December 1943 

The author of this paper is Head of the Department of 
Chemotherapy at Liverpool School of Tropical Medicine. 

Sleeping sickness, or human trypanosomiasis, is due to 
infection with Trypanosoma gambiense. The infection de- 
velops in two stages. In the first stage the trypanosome 
occurs in the blood, lymphatic organs, and body tissues in 
general, and it is freely exposed to the action of any drug 
circulating in the blood. In the second stage the trypano- 
some multiplies in the brain, and can be reached only by 
drugs which can pass the barrier which exists between the 
blood and the central nervous system. In a large proportion 
of persons suffering from sleeping sickness, the brain is in- 
volved when the diagnosis is first made, and consequently the 
provision of effective drugs which can penetrate into the ner- 
vous system is very important. 

The term “ blood-brain barrier ” is functional rather than 
anatomical, and it is used to indicate the mechanism which 
exercises a selective control over the passage of substances 
from blood to brain. The barrier is probably localised for 
the most part in the walls of the cerebral capillaries, and 
substances which reach the brain cells from the blood pass 
through the capillary endothelium into the perivascular and 
pericellular spaces around the cells. The extent to which 
actively trypanocidal drugs can pass this barrier is very 
varied, and cannot be deduced from the results of the cus- 
tomary experiments on mice infected with trypanosomes. 
Thus, suramin (Bayer 205) is extremely active in destroying 
trypanosomes in the blood of mice, and it is very effective in 
the first stage of human trypanosomiasis ; but it cannot pass 
the blood-brain barrier to any appreciable extent, and it is 
powerless to cure when once the brain has been infected. 
Conversely, tryparsamide is only moderately active when 
tested in mice, but it passes the blood-brain barrier readily, 
and thus is the most effective known remedy in the later stages 
of the human disease. Up to the present time the search for 
drugs against sleeping sickness has been conducted mainly 
by testing their power to cure mice infected with trypano- 
somes, but as these examples show, there is need for a more 
direct means of deciding whether a drug can exert a trypano- 
cidal effect beyond the blood-brain barrier. There arc 
technical difficulties in devising such a test. Theoretically it 
would be desirable to take samples of the perivascular and 
pericellular fluids of the brain, in order to measure their 
power to kill trypanosomes. But in actual practice it is 
impossible to obtain such fluid in appreciable amounts. 
Cerebrospinal fluid is derived mainly from the choroid 
plexuses of the cerebral ventricles, and although its com- 
position is often assumed to approximate to that of the peri- 
cellular fluid, this is only an assumption which cannot be 
proved. However, cerebrospinal fluid is the only fluid of 
the brain which is available for testing in adequate amounts, 
and it has therefore usually been used for this purpose. Its 
use is also justified by the fact that when trypanosomes 
invade the brain, they are located at first in the choroid 
plexuses and cerebrospinal fluid, while the tissue of the brain 
is not involved until later. 

The first tests on the trypanocidal power of cerebrospinal 
fluid were made by Voegtlin, Smith, Dyer & Thompson (1923) 
who used a rather crude method. They trephined the skuUs 
of rabbits and inserted trypanosomes into the subarachnoid 
space. The test compounds were injected intravenously. 
After a suitable ititerval the rabbits were killed and a search 
was made for the trypanosomes which had been inserted. 
A more refined method was introduced by Hawking, Hen- 
nelly & Quastel (1937), who injected arsenical compounds 
intravenously into patients suffering from syphilis of the 
nervous system. After a suitable interval, cerebrospinju 
fluid was withdrawn and its trypanocidal power was measured 
in vitro by a technique devised by Yorke, Adams & Murga- 
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troyd (1929). Trypanocidal power of the cerebrospinal fluid 
due to arsenicals could easily be distinguished from that due 
to other non-specific causes, by comparing its action on 
arsenic-resistant trypanosomes with that on normal trypano- 
somes. By this means it was shown that tryparsamide pro- 
duced a greater trjTJanocidal power in the cerebrospinal fluid 
than any of the other compounds tested. After therapeutic 
doses of tryparsamide, c.g. 2 g. per adult, the trypanocidal 
power of the cerebrospinal fluid was maximal in 40 hours 
and it disappeared in about 70-90 hours. The trypanocidal 
power was not proportional to the concentration of arsenic 
in the fluid (as determined chemically), and only a fraction 
(5-30 %) of the arsenic occurring in the fluid was present as 
the active trivalent form. 

Neoarsphenamide (when given to patients in therapeutic 
doses) did not appear to penetrate into the cerebrospinal 
fluid to an appreciable extent ; sulpharsphenamide penetrated 
to a greater extent, but less than did tryparsamide. In later 
work, Hawking (1940) carried out similar tests on Africans 
suffering from sleeping sickness, and showed that infection 
of the ner\'ous system (presumably involving the choroid 
plexuses and meninges) did not greatly increase or decrease 
the penetration of tryparsamide into the cerebrospinal fluid, 
as compared with the fluid of normal persons. 

The method of Hawking yielded results which were of 
direct significance for human therapy, but it suffered from 
the usual limitations of observations on human subjects, 
viz. the small number of subjects available and the need to 
avoid all danger of toxic effects. Accordingly the present 
author and Dr. H. O. J. Collier have adapted the technique 
for use with rabbits. Their results are not yet published in 
detail. They find that although tryparsamide readily renders 
the cerebrospinal fluid of rabbits trypanocidal, its trivalent 
derivative (reduced tryparsamide thioglycollate) does not. 
In their experiments, neoarsphenamide penetrated into the 
fluid to a considerable extent. Presumably they injected 
much larger doses into their rabbits than would be safe to 
employ in man. 

Tlie factors which determine the ability of compounds to 
penetrate the blood-brain barrier are not well understood. In 
the case of “ polar ” substances, molecular size, lipoid 
solubility, and iffusibility are of minor importance; and 
the penetration depends upon the electro-chemical properties 
of the substances. Apparently negatively-charged acid com- 
pounds penetrate the barrier, while positively-charged basic 
compounds fail to do so. Colloidal substances do not 
penetrate, no matter what the charge. Thus tryparsamide, 
which penetrates well, is the sodium salt of an acid ; and it 
circulates in the blood as a negatively-charged ion. Neo- 
arsphenamide presumably also circulates in the anionic 
state ; and sulpharsphenamide (which penetrates still more 
readily) is still more electro-negative in character. The 
diamidine compounds (e.g. diamidinostilbene) are salts of 
strong bases, and they circulate as positively-charged ions ; 
but they do not penetrate into the cerebrospinal fluid. 
Suramin is an acidic compound, but it has a very large 
molecule and it probably circulates in a semi-colloidal form ; 
as mentioned above, it does not penetrate into the fluid. 

In attempting to correlate the electrochemical properties 
of substances with their power of penetrating vital mem- 
branes, it must be remembered that numerous other com- 
plicating factors are concerned in the animal organism. Thus 
the rate of disappearance and the rate of excretion must be 
considered. There is also the question of toxicitj'. In 
general, electro-negative substances are much less toxic 
than electro-positive compounds, and they remain longer in 
the circulation. However, while being less toxic for the host, 
they are often less lethal for the trypanosome. Tryparsamide 
owes its effectiveness to certain peculiar properties. It is 
relatively non-toxic, and in itself it has no trypanocidal 
action; it penetrates into the cerebrospinal fluid readily; 
perhaps all these properties are related to its electro-negative 
charge. After penetration, the arsenic atom (which it con- 
tains) is reduced from the pentavalent to the trivalent state ; 
the properties of the molecule are radically changed and it 
becomes highly tr>T5anocidal. By this means, reduced 
tr>T3arsaroide (which is e.xtremely lethal to trypanosomes but 
which cannot, by its own nature, penetrate into the cerebro- 
spinal fluid) becomes available for action at the desired place. 
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EFFECTS OF NARCOTICS AND BENZEDRINE ON 
METABOLIC PROCESSES IN THE CENTRAL NER- 
VOUS SYSTEM 

by J. H. Quastel, Transactions of the Faraday Society, 39, 
348-359, December 1943 

In this contribution to the discussion from the Rothamsted 
Experimental Station of the Agricultural Research Council, 
the author reviews the evidence in favour of the hypothesis 
that narcotics intervene in an essential oxidative respiratory 
chain acting on a substrate which is mamly glucose. 

In the past there has been a reluctance to relate narcosis 
with suppression of brain oxidations because of the disparity 
between the small quantity of narcotics required to produce 
narcosis, and the large amount needed to inhibit enzyme 
reactions. It is now reaUsed that, since the pharmacological 
effect of the narcotic used is essentially localised, a large fall 
in the enzyme process of the entire tissue is not to be expected. 
It is estabh'shed that the oxygen utilised by the brain is mainly 
concerned with combustion of glucose supplied by the blood, 
and any lack of glucose or oxygen results in slowing, then 
abolition, of cortical potentials with ultimate unconsciousness. 

The observed facts are as follows ; 

i. In a series of seven barbiturates in a concentration of 
0-12%, inhibition of oxygen-uptake of minced guinea-pig 
brain in the presence of glucose is parallel to the increase in 
hypnotic activity. 

ii. The parallelism extends to narcotics of widely different 
chemical structure, e.g. chloral, paraldehyde, hyoscine and 
atropine. Further, when a series of narcotics including 
ethylurethane, chloral hydrate, phenobarbitone, chlorbutol 
(chloretone), hexobarbitone (evipan) and bromethol (avertin) 
is examined by the more sensitive brain-slic.e method, it is 
possible to show that the different narcotising concentrations 
of these compounds produce consistent inhibition of respira- 
tion of brain-cortex slices, and that this amount is approxi- 
mately 15 %. This figure may be larger when localised 
centres are considered. 

iii. The inhibition does not occur with all substrates ; it 
is most marked with glucose, lactate and pyruvate, while 
succinate and p-phenylenediamine are undisturbed. 

iv. The inhibition of oxidation of glucose, lactate and 
pyruvate by narcotics is seen in liver, kidney or diaphragm 
to about the same extent as in brain. 

v. In low concentration the effect is reversible ; high con- 
centrations produce irreversible changes. Two efiects are 
seen (o) in quick equilibrium between the narcotic and a 
respiratory system consistent with mass-action functions, 
occurring where the inhibition is not greater than 40 %, due 
to urethane, chloral, chloretone, barbiturates, bromethol 
(avertin) and magnesium ions, and (6) a slow development of 
irreversible change with high concentrations of barbiturates 
or chlorbutol, and with low concentrations of ether, ethyl 
alcohol and indole. 

vi. The steady state of the diminished respiration of brain 
slices produced by low narcotic concentrations of pheno- 
barbitone or chloretone depends on the concentration of 
K+ inthemedium. With concentrations of K~ ofO'0128 M. 
— double that of normal senim — a steady inhibition is 
quickly obtained. At concentrations of 0-002 M. the 
respiration is found to drop in the presence of narcotics, at 
first more slowly, but finally to a very much lower level than 
the higher concentration of K"^. When the temperature of 
the experiment, usually carried out at 39'^ C., is dropped to 
29°, the variation is no longer appreciable. 

vii. \5Tien the concentration of the substrate is increased 
eight-fold, no variation on the effect of inhibition of rat brain 
by chlorbutol is observed. This suggests that the narcotic 
enters into equilibrium with a component of the respiratoo' 
sj-stem and is independent of the substrate. 

viii. A study of the inhibitory effect of chlorbutol on lactic 
dehydrogenase of minced brain tissue shows that there is 



a simple competition for the enzyme, according to mass- 
action law, between narcotic and substrate. Contrasted to 
this is the finding that the narcotic inhibition of brain respira- 
tion is not due to inhibition of dehydrogenases affecting the 
glucose, lactate, or pyruvate. In addition, the inhibitive 
concentrations of narcotics do not affect the oxidation of 
sodium succinate or p-phenylenediamine. It is suggested 
that the explanation lies with the affinity of the narcotics 
for a special component of the aerobic respiratory system. 
Additional evidence that narcotics at low concentrations do 
not affect dehydrogenases arises in the observation that 
during anaerobic glycolysis by brain cortex no inhibition is 
seen. 


ix. An examination of isolated and known tissue respira- 
tory systems limits the effect of narcotic inhibition to a tissue 
component, possibly a flavoprotein. 

The author goes on to discuss the possible connection 
between amine metabolism in the brain and the development 
of clinical narcolepsy, which is known to be relieved by 
amphetamine (benzedrine) administration. It is an experi- 
mental observation that the addition of amphetamine to 
brain slices in a glucose medium does not modify the respira- 
tion nor does it modify the diminution of respiration due to 
narcotics. Thus clinical narcolepsy and induced narcosis 
differ in this important respect. It is, however, shown that 
the addition of amphetamine to brain cortex respiring in 
tyramine and other inhibitive amines, neutralises the inhibi- 
tion. Inhibition of brain respiration in the presence of 
tyramine is due to the oxidation of the amine to the aldehyde ; 
amphetamine competes for the amine oxidase. Amines 
like /-ephedrine, triethylamine, tri/soamylamine, hordenine 
and amphetamine are very feebly oxidised by amine oxidase 
and have a high affinity for the enzyme. They are therefore 
powerful inhibitors of amine oxidation. 
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RELATIONS BETWEEN IN VIVO AND IN VITRO 
ACTIONS OF CHEMOTHERAPEUTIC AGENTS 
by H. Mcllwain, Transactions of the Faraday Society, 39, 
359-367, December 1943 


Chemotherapeutic agents which act upon infections in vivo 
have often been tested to see if they also act upon the same 
bacterium or parasite in vitro. Sometimes such in vitro 
action has been found; in other cases, it has been absent 
because conversion of the drug by the host into an active 
form is necessary ; again, in other cases it has not been 
found because the culture methods used to maintain the 
parasite in vitro were inadequate. The purpose of the present 
paper from the Department of Bacterial Chemistry of the 
Medical Research Council is to discuss the special conditions 
which must be observed in order that in vitro tests should 
yield reliable results. 

The therapeutic effect of compounds such as sulphanil- 
amide or acriflavine upon bacterial infections in vivo can be 
explained without showing that these drugs kill the bacteria 
in vitro ; it is sufficient to show that they prevent multiplica- 
tion of the bacteria (bacteriostatic action). If multiplication 
of the bacteria is prevented the host itself will usually kill 
the germs. 

Prontosil rubrum is an example of a drug which is active 
in vivo but inactive in vitro because it requires conversion by 
the host into a more active form. In this case, the prontosil 
requires to be converted into the active sulphanilamide before 
its bacteriostatic effect can be demonstrated in vitro. Another 
example is the conversion of the pentavalent tryparsamide 
to its trivalent form in the body. 


A different reason for failure to demonstrate chemothera- 
peutic action in vitro, occurred during the early history of 
the sulphonamides. In many studies, the bacteriostatic 
effect of sulphonamide could not be demonstrated m any 
bacteriological media in vitro because such f^edia contained 
substances which prevented (“ antagonised ) the action of 
the sulphonamide ; the most important of these substances 
or “ antagonists” is now known to be p-aminobenzoic acid. 
This conipound is similar in structure to sulphanilamide 

r and Its antagonism of the 

ip-aminoi . ■_ - ■ - ■ , . inhibition of enzymes 

S comLnds which are slruciurally glared Jo their sah- 
sTra5e° This conceptioa has been used by F.ldes, and the 


present author, as a clue to the designing of new chemo- 
therapeutic agents. Thus pantoyltaurine, which is similar in 
structure to pantothenic acid, has been synthetized. Panto- 
thenic acid is required for the growth of streptococci (i.e. it is 
an “ essential metabolite ”). When streptococci are exposed 
to pantoyltaurine in vivo or in vitro (provided there is no 
excessive amount of pantothenic acid present), the mechanism 
in the streptococci which utilises pantothenic acid is “blocked” 
by the pantoyltaurine, and growth of the organisms is thereby 
prevented. The amount of antagonist, e.g. p-aminobenzoic 
acid, required to inhibit the action of a drug, e.g. sulphanil- 
amide, is often very different in vivo from that which is effective 
in vitro, because the -tissues of the host may favour or handi- 
cap cither the drug or the antagonist to different extents. 
Thus much more p-aminobenzoic acid is needed in vivo to 
antagonise the action of sulphanilamide than is needed in 
vitro, because in vivo much of the p-aminobenzoic acid is 
acctylated fay the tissues and in this way it is inactivated. 
Again the action of a drug in one host may be much greater 
than it is in another host, because the level of antagonist 
in the body fluids may be. much lower. Pantoyltaurine 
prevents the development of streptococci in rats; but it 
fails in mice, because the level of pantothenic acid (which 
antagonises pantoyltaurine) is much higher in the blood of 
mice than it is in rats. 

Attempts have been made to correlate the therapeutic 
action of compounds with their effect upon the metabolism 
of parasites. Thus Fulton & Christophers (1938) [see also 
Christophers, 1943] showed that quinine and atebrin de- 
pressed the oxygen-consumption of malaria parasites. On the 
whole, however, such studies have not yet shown how chemo- 
therapeutic compounds act or which enzyme mechanisms 
are concerned. At one time it was often suggested that 
compounds acted by stimulating the defence mechanisms of 
the host. The action of sulphonamides, acridines, and try- 
panocidal drugs upon phagocytosis and upon the production 
of antibodies has been studied in great detail, but no evidence 
can be found for this hypothesis. In vitro studies have also 
shown that other phenomena, such as drug-resistance and 
chemotherapeutic interference, depend entirely upon the 
interaction between drug and parasite, and that the participa- 
tion of the host’s tissues is not essential. 

The author concludes by urging that much more attention 
should be paid to in vitro studies of the modes of action of 
chemotherapeutic agents. Most of the chemotherapeutic 
compounds which have been studied carefully have been 
found to exert a direct action upon the parasite (sometimes 
after preliminary conversion into a more active substance), 
and the hypothesis that any compound acts by stimulating the 
defence mechanisms of the host, rather than by direct action, 
would require great evidence in its support before it could 
be accepted. 
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PHYSICO-CHEMICAL ASPECTS 

by E. K. Rideal, Transactions of the Faraday Society, 39, 

368-372, December 1943 

Consideration of a simple biological process indicates several 
ways in which a drug may bring about modifications, such 
as by reaction with enzyme or co-enzyme, by altering the 
membrane permeability, or by changes in bulk media. Of 
the factors governing adsorption on to proteins, the part 
played by the hydrogen bond would appear to be important. 
Free energy data for the adsorption of dyestuffs on to wool 
show how the stability of the adsorbed molecule is determined 
by its polar and non-polar portions. 

Studies, carried out by Professor Rideal’s School at 
Cambridge, upon the structure and permeability of mono- 
and multi-layers, have clarified the early ideas of Tniube 
and Overton, and thrown light upon the structure of 
branes and upon the membrane factor in drug accessibility. 
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CHEVnCAL CONSTUUnON AND PHARMACO- 
LOGICAL ACTION 

by H. R. Ing, Transactions of the Faraday Society, 39, 372- 
383, December 1943 

The author, of University College, London, points out that, 
in a somewhat more general form than originally postulated 
by Ehrlich, the “ receptor theory,” despite its well-known 
limitations, does provide an otherwise missing intellectual 
link between the diverse concepts of structure and action. 
Our ignorance of the chemical nature of these hypothetical 
receptors forces us to look for relations between structure 
of the drug and the physiological effects presumed to flow 
from its receptor combination. 

The organic chemist, using a known drug as a model, has 
found that related substances containing a particular structural 
feature (“ pharmacodynamic group ”) often show similarity 
in action. The problem of apparent similarity in pharma- 
cological activity shown by drugs of different structure 
would indicate, in the light of the receptor theory, that a 
closer analysis of such systems is required. 

The opposite case, in particular the antagonistic action of 
drugs of similar structure, is interpreted on the basis that 
both drugs combine with the same receptors but that only 
one combination is physiologically effective. 

With optically active compounds (e.g. adrenaline, hyos- 
cyamine) the fact that they act additively suggests that the 
marked differences in activity depend upon the relative ease 
of combination with the receptors ; with other stereo- 
isomers differences may be ascribed to stereo-chemical 
effects. 

With an homologous drug series the activity shows, in 
general, either a maximum or a regular increase in activity as 
the series is ascended. Despite the apparent simplicity of 
such systems it is concluded that this problem still awaits 
solution. 

The need for further guidance from the physico-chemical 
standpoint was stressed by the author and several others 
during the ensuing discussion. 
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CHEMICAL STRUCTURE OF ARSENICALS AND 
DRUG RESISTANCE OF TRYPANOSOMES 
by H. King, Transactions of the Faraday Society, 39, 383-389, 
December 1943 

The early work of Ehrlich, Yorke, and their collaborators, 
showed that atoxyl-resistant strains were resistant to a great 
number of substituted derivatives of phenylarsonic acid as 
well as to the acridine group of dyestuffs. 

From an extensive examination of a series of arsenicals the 
author of this paper, from the Chemistry Department of the 
National Institute for Medical Research, concludes that normal 
trypanosomes can be acted upon in at least three different 
ways. 

The relatively low toxicity of compounds containing car- 
boxyl groups, present as sodium salts, is ascribed to their 
unwillingness to leave the aqueous medium for the com- 
paratively lipoidal trypanosome. Non-ionizable derivatives 
fall into two extreme classes and appear to act in at least two 
different ways. One type, e.\emplified by phenylarsenoxide, 
is active in similar high dilution upon normal and resistant 
strains alike, and this is ascribed to favourable adsorption at 
the liquid/water interface permitting facile transport to the 
site of action. The other type, e.g. benzamide p-arsenoxide, 
requires much higher concentrations and the lethal con- 
centration-ratio for normal/resistant strain may be 32-64, 
suggesting adsorption on to polar surfaces which are present 
to a diminished extent in the resistant strain. 

The author concludes with a brief discussion of the final 
mode of action of the toxophoric arsenoxide group. Reac- 
tion with — SH groups seems very likely. 

An interesting point was raised by Dr. E. M. Lourie in the 
discussion. Since mcpacrine, a quinine substitute, is an 
acridine compound, its use might produce arsenical-resistant 
strains of ttypanosomc, and this would be a serious matter 
since arsenicals arc the only known effective remedies for the 
latest stages of sleeping-sickness. In vivo and in vitro experi- 
ments have shown, hou'e%’er, that this does not occur. 
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PRINCIPLES OF INSECTICIDAL ACTION AS A GUIDE 
TO DRUG REACTIVITY— PHASE DISTRIBUTION RE- 
LATIONSHIPS 

by H. Hurst, Transactions of the Faraday Society, 39, 390-412, 
December 1943 

In this paper from the Colloid Science Department, Cam- 
bridge and the Imperial College of Science and Technology, 
London, earlier theories of drug activity are considered in the 
light of data available from insecticidal studies. 

A comparison of homologous fatty acids and alcohols 
shows that biological activity differs according to the site of 
application, e.g. internally in aqueous solution or externally 
as pure (liquid) drugs. A mixture of two non-toxic sub- 
stances {e.g. ethyl alcohol and kerosene) may be extremely 
toxic, the phenomenon being termed “ induced drug access.” 
Such experiments show the importance of defining the nature 
and site of drug interaction. 

The nature of the surface and framework of insect cuticle 
is discussed in relation to the mecham'sm of drug access and 
to the action of fat solvents and inert dusts. Inert powders 
appear to act by removal of lipoid from the epicuticle surface. 
For the mechanism of drug access the experimental evidence 
suggests a two-dimensional surface diffusion along the inter- 
faces of the lipo-protein mosaic. 

The penetration of insect cuticle by fatty acids and alcohols, 
in terms of physico-chemical principles, is accorded a detailed 
treatment. 

Using a related series of blowfly {Calliphora) larvs with 
an homologous series of alcohols or fatty acids as drugs, 
the marked differences observed show that the biological 
activity of a given drug varies from system to system, as well 
as with the mode of application. Further complexities occur 
when other insects are used as test systems. 

Solutions of pyrethrins in ethyl alcohol show, on addition 
of water, enhanced biological activity which can be ascribed 
to increased surface activity. The resistance of various 
insects suspended at an interface to monolayers of pyrethrins 
was found to be in the order of resistance to the drug when 
applied in an organic solvent. 

The author concludes by reviewing pharmacological action 
in relation to fundamental biological pattern, showing the 
many points of resemblance between bounding membranes 
in such systems as insect cuticle, Ascaris integument, erythro- 
cyte, and certain plant tissues. 

The mechanism of two-dimension drug transmission in 
relation to the morphological arrangement of the insect 
cuticle was elaborated following a question on this subject by 
Professor Rideal. 
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SOME PHYSICAL-CHE^^CAL PROPERTIES OF BIO- 
LOGICALLY ACTIVE MOLECULES 
by J. H. Schulman, Transactions of the Faraday Society, 39, 
412-417, December 1943 

The author, of the Colloid Science Department, Cambridge, 
refers principally to compounds containing both hydrophobic 
and hydrophilic groups, and proteins. He points out that, 
by means of the monolayer techm'que, the mutual interaction 
of two different molecules, when one or both are present at 
an interface, has been found to be determined by two com- 
ponents, one arising from the polar head-groups, the other 
from the van der Waals association of the non-polar “ tails.” 
For example, a soluble paraffin-chain salt interacts strongly, 
as shown by surface tension reduction, with monolayers of 
cholesterol, cetyl and elaidyl (trans) alcohols, but to a much 
reduced extent with oleyl (c/s) alcohol owing to stereo- 
chemical hindrance. Such concepts must clearly be taken 
into consideration in any theoo’ of drug action. 

The adsorption of proteins on to charged monolayers of 
paraffin-chain compounds such as amines, acids. lecithin, 
cephalin, etc., at the oil, water interface can be demonstrated 
by means of oil/water emulsions. For example, an emulsion 
positively charged by means of a long chain amine will adsorb 
serum albumin only at pH >■ 4-6 (its iso-electric point) i.e. 
when the protein is negatis-ely charged. Such adsorption 
may completely remove biological acrivity (e.g. of bacterial 
toxins, snake veno.m, hormones), this retu-ming when the 
emulsion is broken. 
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A POSSIBLE MODE OF ACTION OF BENZPYRENE 
AS A TYPICAL CHEMICAL CARCINOGEN 
by F. Weigert, Transactions of the Faraday Society, 39, 418- 
419, December 1943 

This short paper is from the Physico-Chemical Department 
of the Momit Vernon Hospital, Middlesex. 

The greater part of benzpyrene introduced into a mouse or 
rat is changed to non-fluorescent derivatives, about 1 % is 
excreted unchanged, and the rest appears as the blue-fluores- 
cent “ BPX ” in the bile and is excreted as 5-8-benzpyrene- 
quinone and as green-fluorescent “BPF” from which 8- 
hydroxy-benzpyrene has been isolated. From spectrographic 
and chromatographic examinations a tentative scheme for 
the metabolism is suggested, in which the intermediates fall 
into two groups (X- and F-) containing two different benz- 
pyrene derivatives as prosthetic groups in combination with 
various cell constituents. Members of the X-group readily 
go over into the F-group. 

“ BPX ” appears in just those tissues (skin, lung and liver) 
where benzpyrene produces tumours, suggesting that its 
instability and spontaneous transformation into “ BPF ” 
may provide the stimulus for the change of a normal into a 
malignant cell. 
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SOME MORPHOLOGICAL AND OTHER VARIATIONS 
IN A STRAIN OF BACT. LACTIS AEROGENES AC- 
COMPANYING ITS ADAPTATION TO CHANGE OF 
MEDIUM 

by R. M. Lodge & C. N. Hinshelwood, Transactions of the 
Faraday Society, 39, 420-424, December 1943 

This paper is from the Physical Chemistry Laboratory, 
Oxford. On repeated subculture in artificial media contain- 
ing ammonium sulphate/amino acid mixtures as a source of 
nitrogen, some remarkable adaptation phenomena were 
found. For example, with ammonium sulphate alone the 
culture gave threads of almost indefinite length, cells of 
normal size being completely absent. The division function, 
the maximum population, and the initial lag-phase after 
inoculation, adapted themselves at different rates to a new 
medium, suggesting that these functions were independent. 
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THE EFFECTS OF RESORCINOL AND OF m-CRESOL 
ON THE GROWTH OF BACT. LACTIS AEROGENES 
by G. H. Spray & R. M. Lodge, Transactions of the Faraday 
Society, 39, 424-431, December 1943 

As reported in a previous paper ^ from the same laboratory, 
liquid artificial media were employed, and the effects of the two 
disinfectants on lags, growth-rates and stationary populations 
were determined. From the ways in which these charac- 
teristics of growth change with disinfectant concentration, 
the following conclusions were drawn : 

i. Both compounds have specific actions on various 
stages of cellular metabolism in different ways. 

ii. Inhibition of growth at the higher concentrations is 
due to indefinite prolongation of the lag rather than to 
reduction of the growth-rate or of the stationary population 
to zero. 

iii. The effects of resorcinol can be completely neutralised 
by the bacteria during growth ; with ni-cresol only partial 
neutralisation occurs. 

Thread-like cells are obtained at a certain concentration of 
m-cresol, using carefully controlled inocula. The theory 
that elongation and division are processes controlled by 
separate factors is applied to the experimental results. 

1 [see BMB 307] 
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THE ADAPTATION OF BACT. LACTIS AEROGENES 
TO GROWTH IN THE PRESENCE OF SULPHON- 

AMIDES „ . ^ 

by D S Davies & C. N. Hinshelwood, Transactions of the 

Faraday Society, 39, 431-444, December 1943 

The authors, of the Physical Chemistry Laboratory, Oi^ord, 

Sose sulphanilamide and sulphaguanidine as typical sul- 
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phonamide compounds. With increasing drug concentration 
the lag-phase is lengthened and the growth-rate is reduced 
but never to zero, as in the case of certain other antiseptics ’ 

In the presence of sulphonamide there may be a transition 
from a slower to a more rapid rate of multipUcation at a 
certain stage during growth. This has been shown to be 
due to an adaptation of the bacteria. 

Almost complete immunity is developed after thirty 
passages through sulphonamidc-containing media. This im- 
munity is not specific for the particular sulphonamide and is 
not reversible on passage through the normal medium. To 
explain why the growth-rate should be equal to that in sul- 
phonamidc-free media, the authors suggest that the cells 
develop enzymes which produce a sulphonamide antagonist. 
The adaptation is complex, the immunity developed after 
one or two passages through sulphonamide medium differing 
from that developed later, and is interpreted as the shortening 
of the lag of an alternative growth mechanism which is more 
resistant to sulphonamides than the normal one. 
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DRUG CONTROL OF MALARIA 

by W. Hughes & F. Murgatroyd, Lancet, 1, 699-704, 5 '6/43 

The loss of Java deprived the United Nations of 90 % of 
the world’s normal sources of quinine. The total alkaloids 
of cinchona bark from South Arnerica will probably form a 
substitute as effective as quinine itself, but the greatly 
increased need for antimalarial drugs makes it necessary to 
have a sufficient supply of an alternative drug. Mepacrine 
(atebrin) is the only synthetic compound of any real value 
at present in general use, and measures have been taken to 
meet all expected demands for it. 

Treatment of clinical attacks. The extensive studies of 
Stephens and others (1917, 1919, 1923) on the treatment of 
malaria, and later work on the treatment of general paralysis 
by induced malaria (League of Nations Malaria Commission, 
1933) have shown that the most intensive treatment was little 
superior to moderate dosage either in acute attacks or in 
preventing relapses. In P. vivax infections, relapses tend 
to occur about the second and eighth month after the primary 
attack and in P. falciparum infections mostly within two 
months after the primary attack. 

The final cure of infection is probably effected by an 
immunological process, and its development appears to be 
obstructed by too early or too intensive treatment with drugs 
which probably deprive the body of antigen needed to stimulate 
the formation of antibodies. The treatment which is suitable 
for the poverty-stricken populations of malaria zones is 
different from that for Europeans, such as troops, who are 
exposed to infection for limited periods only. In the former 
the development of immunity is important and the League 
of Nations Commission (1937) suggested 15 grains of quinine 
[1 g.] daily for 7 days in acute attacks, with larger doses in 
severe cases. In the case of Europeans, the cost of treatment 
and the development of lasting immunity are less important. 
For an acute attack 10 grains of quinine or 0 • 1 g. of mepacrine 
(atebrin) thrice daily for 5 or 6 days is usually sufficient ; the 
addition of pamaquin (plasmochin), e.g. 0-01 g. twice or thrice 
daily for 5 days, is believed to lessen the tendency to relapse 
in vivax infections, but it is less clear whether it does so 
in falciparum infections. Anti-relapse courses which have 
been recommended are : 

i. Quinine 10 grains or mepacrine 0-1 g. twice or 
thrice daily on 2 consecutive days of each week for 
2 months after the treatment of the primary attack. 

ii. The normal suppressive (prophylactic) dose daily 
for 2 months. 

iii. Mepacrine O’l g. thrice daily for 5 days beginning 
10 days after the treatment of the acute attack has 
ended. 

In the acute attack some prefer to combine all three drugs, 
e.g. quinine for 2 or 3 days, then mepacrine for 5 days, and 
finally pamaquin. 

* [see also BMB 297 & 343] 


The authors are not convinced by the claims of some 
advocates of intensive treatment (Murray & Shute, 1942; 
Hill, 1942 : Bryant, 1942). Apart from the question of the 
greater effectiveness of large doses, the possible occurrence 
of toxic symptoms or other unpleasant effects must be 
considered. Some of the apparent failures of moderate 
doses have been due to defective administration of the 
drug, e.g. in persistent vomiting when the drug should have 
been given parenterally, or to defective quality of the drug 
used. Such reasons probably explain also the failures 
attributed to the presence of drug-fast parasites. 

Suppressive treatment. No known drug will certainly 
prevent malarial infection, but the clinical effects of the 
infection may be prevented or modified. There are several 
satisfactory reports of the use of mepacrine in suppressive 
treatment. Daily doses of 0-05 g. to OT g. for several 
months, even up to 2 years, have been successful. In well- 
controlled trials in Malaya a weekly dose of 0-3 g. was 
found to be satisfactory (Niven, 1938 ; Field, 1939). The 
League of Nations Malaria Commission (1937) thought that 
0-05 g. mepacrine daily ^vas slightly inferior, and 0-2 g. 
bi-weekly slightly superior to 5 grains of quinine daily. 
Hill (1942) found 0-1 g. mepacrine daily for some months 
to be effective and without toxic effects. Recently a dose 
of OT g. mepacrine for 6 days of each week has been 
recommended for persons in a h 3 fperendemic area, beginning 
a week before entering the area and continuing for a week 
after leaving it. 

Problems in diagnosis. In a hyperendemic area it is usually 
impossible to distinguish relapses from reinfections and this 
is important in estimating the value of treatment. When 
routine suppressive treatment has been taken by non-natives, 
parasites may be difficult to find, but they are nearly always 
present in severe clinical cases. The presence of malarial 
parasites in the blood of natives is of course less significant. 
Cases classed as chronic malaria or malarial cachexia are 
sometimes difficult to diagnose, and there is some difference 
of opinion as to whether it is safe and advisable to withhold 
drugs for some days in order to allow the parasites, if present, 
to become evident, or to give curative doses at once. 
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EFFECTS OF PLASMOQUIN, ATEBRIN, AND QUININE 
ON THE ELECTROCARDIOGRAM 
by H. L. Heimann & B. G. Shapiro, British Heart Journal, 
5, 131-133, July 1943 

Electrocardiograms of a soldier who had complained of ptte- 
cordial pain during treatment of malaria with plasmoquin 
showed changes similar to those of coronary disease. The 
clinical features did not support such a diagnosis, however, 
and in order to ascertain whether the efiect could have been 
produced by plasmoquin an investigation on convalescent 
soldiers was carried out. 

Six men convalescing from malaria were due to receive 
prophylactic medication against recurrences. After pre- 
liminary cardiograms, the men received pamaquin (plasmo- 
quin) ^ grain [about 10 mg.] twice daily for 7 days. Cardio- 
grams were repeated, and the men had a week’s rest. They 
then received mepacrine (atebrin) 1-5 grains [about OT g.] 
three times a day for a week, and cardiograms were repeated 
once more. They were then given 5-10 grains [about 0-3- 
0-6 g.] quinine for 6 da>’s and a final cardiogram vas taken. 
The observations were made on the chest leads IV R and IV F. 


The authors concluded that pamaquin increases the ampli- 
tude of the various deflections, particularly the T wave. In 
some cases there was elevation of the S-T segment similar 
to that of coronary thrombosis. Mepacrine decreased the 
amplitude of the deflections, particularly the T wave. It 
restored the S-T elevation produced by pamaquin. Quinine 
produced changes similar to but less striking than those 
produced by mepacrine. 
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THE ACTIVITY OF DRUGS IN THE MALARIA OF 
MAN. MONKEYS AND BIRDS 

by F. H. S. Curd, Annals of Tropical Medicine and Parasito- 
logy, 37, 115-143, September 1943 

The only practicable large-scale method of testing drugs for 
antimalarial action is by the use of experimentally inoculated 
birds. The malarial parasite usually employed is Plasmodium 
relictum. However, the plasmodia responsible for human 
malaria show qualitative difierences in drug-susceptibility, 
and there is evidence of varied response to drugs on the part 
of the parasites responsible for monkey and avian malaria. 
Little is known of variations in response by different strains 
of the same species. 

If the search for antiplasmodial activity in drugs is limited 
to one species or one strain of avian malaria, there is a possi- 
bility that important information on the relation of chemical 
structure to therapeutic action may be missed. 

The author, of the Research Laboratories of Imperial 
Chemical {Pharmaceuticals), Ltd., Manchester, believes that 
investigations on diSerent species and strains of plasmodia 
will be necessary in the future, and with a view to facilitating 
these he has compiled a table showing the actions of various 
drugs in different malarias (excluding the established anti- 
malarial drugs in the 3 types of human malaria). The table 
occupies 16 pages of this paper, and is based on a search 
of the literature from 1914 (a few outstanding older papers 
have been included). A list of 277 references is appended. 
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THE ACTION ON AVIAN MALARIA OF THE ALKA- 
LOIDS OF CINCHONAS FROM THE CAMEROONS 
AND THE BELGIAN CONGO 

by P. Baranger & P. E. Thomas, Biochemical Journal, 37, 
342-344, September 2943 

In this paper from the Centre de Technologic Scientifique et 
Coloniale de la France Combattante, Finedon, England, the 
authors, the first of whom was formerly professor at VEcole 
Polytechnique, Paris, summarise the results of tests of the 
antimalarial value of cinchona barks from the French 
Cameroons and the Belgian Congo. 

Total alkaloids from C. succirtibra and C. Ledgeriana 
exerted an effect similar to that of quinine in retarding the 
onset of avian malaria. Results with total alkaloids from 
which the quinine had been extracted were poor. 

The alkaloids were administered orally as pellets, and 
birds (canaries) were inoculated with a strain of Plasmodium 
relictum obtained from Professor Keilin of Cambridge. The 
paper contains 22 references to the relevant literature, and 
a tabulation of the results of the authors’ investigations. 


314 

UNIMPAIRED SUSCEPTIBILrTY OF TRYPASOSOMA 
RHODESIENSE TO ARSENIC.ALS .AFTER INTENSTVT: 
TREATMENT BY MEPACRINE 

by E. M. Lourie & H. O. J. Collier, Annals of Tropical 
Medicine and Parasitology, 37, 205-210, December 1943 
It has long been known that sub-curative doses of arsenic 
may produce resistance in pathogenic trypanosomes to non- 
arsenical trypanocidal dyes of the acridine and related ^oups. 
Arsenic-resistance may also be produced by non-arsenicals. 

Mepacrine (atebrin, quinacrine) is an acridine deri\ativc, 
and in slew of the increased use of this synthetic antimalarial 
in Africa it is important to know whether it produces arsenic- 
resistance in trypanosomes (which might prevent c.Tecti%-c 
treatment of sleeping sickness). 



Experiments, which are recorded in detail in this paper, 
showed that intensive in vivo and in vitro exposure of Trypano- 
soma rhodesiense to mepacrine did not produce arsenic- or 
mepacrine-resistance. The authors conclude that mepacrine 
is suitable for use in sleeping sickness areas. 


Non-Arsenicaf Tryponocides" 
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THE PHARMACOLOGICAL ACTIONS OF CERTAIN 
AROMATIC DIAMIDINES POSSESSING TRYPANO- 
CIDAL ACTBTTY 

by R. Wien, Annals of Tropical Medicine and Parasitology, 
37, 1-18, April 1943 

The pharmacological activity of four aromatic diamidines, 
pentamidine (4 : 4'-diamidino 1 : 5 diphenoxypentane), phen- 
amidine (4 : 4'-diamidino diphenyl ether), propamidine (4 : 4'- 
diamidino 1 : 3 diphenoxypropane) and stilbamidine (4 : 4'-di- 
amidino stilbene), was investigated in the biological laboratory 
of May & Baker Ltd. The toxicity of these substances was 
studied in mice, rats and rabbits and their action on the 
vascular system, heart, respiration, central nervous system, 
smooth muscle, and striped muscle was also determined. 

Phenamidine proved to be the least toxic of the four sub- 
stances, but their toxicities were alt quite similar. The 
average lethal doses (L.D.jq) for mice by intravenous injection 
were: phenamidine 0-050, stilbamidine 0-031, propamidine 

‘ \2 and pentamidine 0-028 mg. per g., and by subcutaneous 
:tion, 0-120, 0-180, 0-055 and 0-064 mg. per g. respec- 
y. All four compounds caused general depression of the 
ral nervous system ; respiration was first accelerated and 
became slow and forced. There was slight ataxia in 
hind limbs, and the rectal temperature was lowered, 
th was due to respiratory failure. The effects of the 
tances on rabbits were very similar. 

D investigate possible cumulative action, pentamidine and 
stilbamidine were given to rats by subcutaneous injection 
daily for 10 days in doses of tV, i and ^ of the average lethal 
doses as found in mice. With to of the average lethal dose 
there was no evidence of a cumulative effect, but with ^ and 
J of the average lethal doses, both showed a definite cumu- 
lative action, indicated by retardation of the growth of the 
animals. The site of injection was inflamed after 5 days in 
some cases and toxic effects were observed at this time. 

All four diamidines caused a marked fall in blood-pressure 
in anassthetised or decerebrate cats, but if the injections 
followed each other too rapidly, the response was not uni- 
form and usually the depressor effect decreased. Doses of 
1 mg. usually produced an effect, but phenamidine was less 
active than the other compounds. Full doses of atropine 
reduced, but did not abolish, the effects. The amidines were 
also found to have a depressor action in eviscerated prepara- 
tions and in the “ spinal ” cat. The previous injection of 
calcium chloride or gluconate in an anresthetised cat had 
the effect of reducing the fall in blood-pressure due to the 
administration of the diamidines. The decrease in blood- 
pressure was shown by the plethysmograph results to be due 
to general vasodilatation, and it was also demonstrated that 
the effect was peripheral and not central in origin. It was not 
due to direct depression of the heart, for in concentrations of 
about 1 : 2,000 the diamidines increased the rate and force of 
the beat of the isolated heart of the cat and rabbit, though in 
concentrations of about 1 : 200 a slight transitory depressant 
effect was observed. 

When large doses of the diamidines were given to rabbits 
for several days, the effect on respiration was one of general 
depression. In decerebrate cats, the effect of doses which 
caused a fall in blood-pressure was an increase in depth and 
volume of respiration, with little influence on the rate. 

In the intact animal little or no stimulation of the central 
nervous system was obser\'ed, as indicated by the absence of 
convulsions and by the depressant effect on the respiratory 
centre. The acute effect of these compounds on the central 
nervous system was studied in a special patellar reflex prepara- 
tion in the cat, but no influence on this reflex was observed. 

In concentr ations of 1:10,000 to 1 : 25,000, the diamidines 

♦ [see also BMB 298 & 337] 


stimulated the smooth muscle of isolated rabbit intestine, 
both tonus and movements being increased. The substances 
had no marked direct effect on the isolated guinea-pig ileum 
but modified the contractions produced by histamine. In 
concentrations of about 1 : 16,000, they caused contraction 
of the relaxed muscle of the isolat-ed guinea-pig and cat uteri 
but not in the uterus of the intact animal. There was no 
appreciable effect on the isolated rabbit uterus. 

The effect of the diamidines on the excitability of nerve- 
fibres and muscle was also studied and it was shown that 
these substances sensitised muscle to the action of potassium 
ions, though if the concentration of the diamidines exceeded 
1 : 5,000, they themselves caused contraction of the muscle. 

With these four diamidines, the effects on blood-pressure 
and intestine were more or less parallel with the toxicity, the 
least toxic having the least effect on pressure and intestine. 
The fall in pressure was only partially explained by stimula- 
tion of the parasympathetic system, and was not due to any 
impairment of the action of the heart, but chiefly to vaso- 
dilatation of peripheral origin, taking place in the skin and 
muscles. A characteristic effect of the diamidines was an 
ergotoxine-h'ke action in antagonising the action of adrenaline. 
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THE METABOLIC EFFECTS PRODUCED BY CERTAIN 
AROMATIC DIAMIDINES 

by R. Wien, W. Freeman & N. M. Scotcher, Annals of Tropical 
Medicine and Parasitology, 37, 19-33, April 1943 

In this paper are described the effects of the four aromatic 
diamidines, pentamidine, phenamidine, propamidine and 
stilbamidine, on carbohydrate metabolism, calcium and 
potassium metabolism, and on the blood-picture, the kidneys 
and the liver. The animals used were rats, guinea-pigs, 
rabbits and dogs. The diamidines were used in the form of 
their iscthionate salts, which are more soluble than the 
hydrochlorides, and the injections were given intravenously 
and subcutaneously to rabbits, subcutaneously to rats, intra- 
muscularly to guinea-pigs, and intravenously to dogs. 

Phenamidine did not affect the blood-sugar level to any 
great extent ; doses of 10 and 15 mg. per kg. given intra- 
venously to rabbits had little effect, but 20 mg. per kg. caused 
a delayed hyperglycremic response. Stilbamidine was hyper- 
glycremic, but only in doses which were almost lethal. In 
some, but not all experiments, propamidine given sub- 
cutaneously had a marked hyperglyoemic effect. When 
administered intravenously, lower doses caused a fall in blood- 
sugar, while higher doses brought about an initial hypergly- 
cemia, followed later by fatal hypoglycemia. Propamidine 
was the only one of the four diamidines studied which showed 
a hypoglycemic action. Pentamidine was hyperglycemic in 
doses not far from the lethal amounts. Stilbamidine, the 
only compound tested in this way, was shown to reduce the 
hyperglycemic action of adrenaline. The adrenals were 
found to play some part in the effect of stilbamidine and 
propamidine on the blood-sugar. 

No depletion in liver glycogen was observed a short time 
after a single administration of diamidines, but there was 
depletion after four injections, given on alternate days, 
though this may have been due to the anorexia which the 
animals developed. 

When large doses were given intravenously to rabbits, 
phenamidine and especially propamidine had a marked effect 
on kidney function ; the blood-urea and non-protein nitrogen 
rose to a high level within 24-48 hours and remained there 
for at least 5 days. The other two diamidines caused only 
a slight increase within 7 hours, disappearing within 2 days. 
Similar results were obtained with subcutaneous injections, 
though, by this route, phenamidine was less toxic than stilb- 
amidine, while propamidine and pentamidine were more 
toxic. 

In both dogs and rabbits the diamidines were found to 
produce a slight fall in the concentrations of calcium and 
potassium in the blood-serum. In dogs the fall was about 
the same for calcium as for potassium, but in rabbits the fall 
in potassium was the greater, so that the calcium-potassium 
ratio was increased. 

Repeated administration of therapeutic doses of stilbami- 
dine and propamidine to guinea-pigs had no effect^ on the 
blood-picture, other than leucocytosis and increase in poly- 
morphonuclear ceUs before death when toxic doses were 
employed. 
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Stilbamidine and propamidine were given daily for 5 days 
to guinea-pigs by intramuscular injection, and histological 
examinations of the liver and kidneys were then made. There 
were no changes in the kidneys, even with the higher doses, 
e.\cept for slight cloudy swelling. The most important 
pathological effect of the substances in toxic amounts was 
extensive fatty degeneration of the liver, but this was not 
observed with repeated administration of therapeutic doses. 
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A COMPARISON OF THE BIOLOGICAL ACTION OF 
BAYER 7602(Ac) AND THE CORRESPONDING I.C.I. 
SYNTHETIC PRODUCT 

by J. D. Fulton, Annals of Tropical Medicine and Parasitology, 
37, 164-173, December 1943 

In 1937, lensch described the preparation of a new compound 
in the 4-amino-quinoline series which was subsequently 
known as Bayer 7602(Ac). It was stated to be active against 
Trypanosoma criizi, but not against other trypanosomes. 
Mazza and collaborators tried the compound clinically in 
Chagas’s disease, recently described (Mazza, Basso & Basso, 
1942) its successful employment over a period of 5 years, and 
compared it with a new compound, Bayer 9736(As), which is 
less toxic, less active against T. crtizi, but also acts on a number 
of other trypanosomes. 

Because supplies of Bayer 7602(Ac) ceased to reach South 
America, Imperial Chemical Industries Limited undertook to 
prepare the compound. The present paper, by a member of 
the scientific staff of the Medical Research Council, describes 
comparative tests on mice inoculated with T. crtizi of the 
German and British products. 

Full details of the experimental procedures are given. The 
conclusions were that (i) both preparations freed the peri- 
pheral blood of parasites, (ii) tissue forms of the parasite 
seemed to be inaccessible, (iii) in no case was cure of the 
infection obtained, (iv) the compound had little value as a 
prophylactic, (v) no significant difference was found in the 
biological actions of the British and German preparations. 
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THE LOCAL ACTION OF SULPHONAMIDES 
by F. Hawking, Practitioner, 151, 354-361, December 1943 
Although sulphonamides were first introduced into medicine 
in 1935, their use for local application did not become firmly 
established until 1940, when Colebrook & Francis (1941) 
showed that wounds infected with hxmolytic streptococci 
could be freed from these organisms by sprinkling them with 
sulphanilamide. During the three years which have elapsed 
since then, much experience has been gained. 

Choice of compound. For use as a local application to 
wounds, there are only two compounds to be considered — 
sulphanilamide and sulphathiazole. Sulphadiazine has been 
suggested for this purpose, but it is less soluble, less active, 
and less plentiful than sulphathiazole, and it has no counter- 
balancing advantages. As regards the two first mentioned, 
sulphanilamide is less active against bacteria but is more than 
ten times as soluble (1,970 mg. per 100 cm.’ serum at 37° C.) 
as sulphathiazole, and its concentration can therefore be ten 
times as great. In addition, it is plentiful and can be used 
fieely. It is quickly absorbed from the wound so that there 
is little danger of leaving insoluble deposits, but on the other 
hand it hardly stays in the wound long enough to obtain the 
best results. Sulphathiazole is much more active (10-100 
limes) in vitro than sulphanilamide, but is less soluble (190 mg. 
per 100 cm.’ serum at 37° C.) and more expensive. It per- 
sists longer in a wound and so inhibits bacteria for a longer 
period ; this ptersistence in the wound is a valuable asset. 
As used in a wound, the toxicities of both compounds for 
the neighbouring tissues are about equal. Weight for weight, 
sulphath iazole is more toxic for cells than sulphanilamide, 

* [itv also B.\fB 341 & 300] 


but since it is less soluble the concentration is much lower. 
As each compound has merits and demerits, it is advantageous 
to combine them by using a mixture of one part sulphathiazole 
with two or three parts of sulphanilamide. 

Diffusion through a wound. When a sulphonamide com- 
pound is placed in a wound, its distribution round the wound 
depends upon the physical factors of solubility, diffusion, etc. 
There are four places to consider : 

i. The main cavity of the wound : The concentration in 
the wound fluid next to the deposit of sulphonamide depends 
upon the solubility. Thus the concentration of sulphanil- 
amide will be about 2,000 mg. and that of sulphathiazole 
about 190 mg. per 100 cm.’. 

ii. Crevices of the wound ; From the fluid near the deposit 
of sulphonamide, the compound spreads outwards by con- 
vection currents and by diffusion. Convection currents 
ought to be minimal in a wound at rest and those which do 
occur will be from the deeper parts to the surface, so they will 
be a hindrance rather than a help. Diffusion is rapid over 
short distances, such as from one side of a cell to another, 
but it is very slow over the longer distances such as occur in 
wounds, as the time required is proportional to the square of 
the distance. At the end of one hour, an appreciable con- 
centration of sulphanilamide, e.g. 1 mg. per 100 cm.’, does 
not spread further than 1 cm., and after 24 hours it does not 
travel more than 4 • 5 cm. For sulphathiazole, the distances 
travelled are only two-thirds of these. Accordingly, sul- 
phonamide placed on the surface of a wound does not p)ene- 
trate deeply by its own power. Surface application is suffi- 
cient for superficial injuries such as bums, but in order to 
reach the deeper parts, the compound must be mechanically 
distributed over the whole wound as widely as is reasonably 
possible. 

iii. Dead tissue adjacent to a wound : Penetration of dead 
tissue occurs by the same process of diffusion as above, and 
it is similarly slow. Hawking (1941b) showed that it took 
6 hours or more for sulphanilamide or sulphathiazole to pass 
through a sheet of tissue 3 mm. thick in appreciable, but still 
very small, amounts. 

iv. Living tissue adjacent to a wound: Before the com- 
pound has penetrated very far, it meets a capillary and it is 
swept away into the general circulation ; the concentration in 
living tissue near a wound is therefore no greater than that in 
the blood generally. The best way to reach such tissue is to 
give the compound by mouth or intravenously. 

Rate of absorption from wounds. Sulphanilamide is ab- 
sorbed from wounds rapidly, especially from large bums, and 
excessive amounts placed in or on a wound may cause toxic 
symptoms such as cyanosis, nausea, or even coma. In the 
treatment of bums among British troops in Egypt, several 
deaths were caused in this way before the danger had been 
fully realised. As a rough approximation, absorption from 
a wound is about half as rapid as that from the alimentary' 
canal ; and a maximal blood concentration of 1 mg. per 
100 cm.’ tvill be produced for each 1 to 2 g. sulphanilamide 
inserted into the wound. In x-iew of this rapid absorption, 
10 g. sulphanilamide is enough for most wounds, and the 
total amount used in any one patient should rarely e.xceed 15 g. 
Sulphathiazole is absorbed more slowly and there is much 
less danger of toxic effects. 

Antagonising substances. Unfortunately the antibacterial 
action of sulphonam.ides in a wound is often antagonised by 
substances derived from necrotic tissue and pus, which act in 
the same way as p-aminobenzoic acid. Consequently pus 
and necrotic tissue should be removed from the wound as 
completely as pracficable before the sulphonamide is inserted. 

Effect upon wound healing. Very much work, both experi- 
mental and clinical, has been done to determine whether 
sulphonamides have an injurious cfiect upon the healing of 
a wound. It is the general conclusion that sulphanilamide 
does have a slight but definite adverse effect upon a clean 
wound (as is shown clinically by the presence of a little 
serous e.xudate and by slight delay in closing), and that in 
such wounds it is possibly better not to use it. But in infected 
wounds, the efiect of sulphanilamide upon the tissues is 
negligible compared with the much greater harm which bac- 
teria would cause if sulphanilamide were not used. In par- 
ticular, sulphonamides do not interfere with phagocytoiis. 
Howex'er, sulphanilamide should not be placed near large 
ner\-e trunks, as it may cause degeneration (Holmes A 
Medawar, 1942) ; and sodium sulphathiazole and other 
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sodium salts should not be used as they are strongly alkaline 
and cause necrosis. 

Therapeutic effect in experimental wounds. As statistics 
about the value of sulphonamides in preventing infection of 
human wounds are difficult to obtain, much of the evidence 
is derived from experimental wounds in animals. Thus in 
a series of guinea-pig wounds, infected with over 10,000 lethal 
doses of gas gangrene organisms, the local application of 
sulphanilamide saved 53 % of those infected with Cl. yvelchii 
but none of those infected with Cl. septicum ; sulphathiazole 
saved 67 % of those infected with Cl. welchii and 75 % of 
those infected with Cl. septicum ; in the case of infections 
with Cl. cedematiens (novyi), none of the sulphonamides was 
of much value (Hawking, 1941a). In a series of wounds in 
rabbits infected with hemolytic streptococci, plain sulphanil- 
amide saved only 2 out of 14 animals, because the drug was 
absorbed from the wound too quickly. Oily preparations 
of sulphanilamide, in which absorption was delayed, saved 
12 out of 20, but the oil which remained embedded in the 
tissues caused very undesirable fibrosis and other reactions 
(especially cod liver oil). Sulphathiazole saved 10 out of 
10 animals, partly because it was more actively bacteriostatic 
and partly because it persisted for a longer time in the wound 
(Hawking, 1942). 

Extent of local application in clinical practice. Prophy- 
lactically sulphanilamide is applied to wounds and bums 
in the field, and it is sprinkled into wounds after operation 
to prevent anticipated infection. In general, clinical im- 
pressions of this treatment are favourable. For the treatment 
of bums of the face and limbs in the armies in North Africa, 
where such lesions formed one of the major groups of 
casualties, sulphanilamide plus vaseline gauze supplanted all 
other methods of treatment in the forward areas. Curatively, 
sulphonamides are applied to wounds which are already 
infected. Haemolytic streptococci are usually suppressed by 
this means, but sometimes resistant strains occur or develop. 
Proteus, Ps. pyocyanea and many strains of staphylococci 
are insensitive. The treatment has been found particularly 
valuable in preparing superficial wounds for skin grafting. 
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A STUDY OF THE DISTRIBUTION OF SULPH- 
ANILAMIDE 

by F. Alexander, Quarterly Journal of Experimental Physiology, 
32, 21-28, May 1943 


The author, working in the Department of Pharmacology, 
Edinburgh University, investigated the distribution of sulph- 
anilamide in sheep, rabbits and mice, in all of which acetyH- 
tion occurs, as in man. After the intravenous injection of a 
suitable amount of the compound, measurements were made 
of the blood concentration and of the amount excreted 
urine • after suitable intervals, the smaller animals (rabbite 
and mice) were killed, and the sulphanilamide content of the 
tissues was estimated. 

When sulphanilamide (40 to 90 mg. per kg.) was given 
sheep or rabbits, the blood concentration after 
the same as, or slightly higher than, it would have b^nrf the 
sulphanilamide was evenly distributed throughout ^ 
but at 6 hours it fell below this amount, and after 24_hours it 
was much less than the theoretical amount showing that 
either the drug was not evenly distributed through the 
bodv water or ft had been removed from estimation by some 
SS Se. This conclusion svas slicnphcncd by 
measurement of the amount excreted in the urme, Aft®*^ 
A c nf about 1 to 2 g for sheep weighing about 20 kg., or 
Xl l “ Ms wcShins aboSt 1 - 5 kg., the total amount 

excreted in the »*= ™ tSelStaiter the sulphanilamide 


intervals, and the tissues were examined chemically. The 
concentration in the liver and kidney was higher than that 
in the blood ; the concentration in the kidney was particularly 
high in the first sb: hours, presumably due to excretion into 
the urine. It was found that the amount retained in the 
tissues was too small to account for all the drug which had 
been lost. This point was tested further by injecting a solu- 
tion of sulphanilamide into mice, and measuring the amount 
in the excreta and the amount in the complete animal, killed 
and estimated as a whole. The results are shown in the table : 


The Percentage of Dose recovered from the Whole Animal 
and Excreta 


Time, 

No. of 

Percentage recovered 

Percentage 

hrs. 1 

i 

observations 

Body 

Excreta 

Total J 

destroyed 

0 


92-2 

0-0 

92-2 

7-8 

i 

! 13 

84-5 

3-2 

88-0 1 

12-0 

H 

1 7 

62-0 

17-6 

79-4 

20-6 

3 

1 8 

31-6 

33*2 

65-0 ! 

35-0 

24 

7 

8-5 

62-4 

70-9 i 

29-1 

48 

5 

6-7 

61-0 

67-7 j 

1 

32-3 


Clearly, about 30 % of the sulphanilamide injected is converted 
into some form which cannot be detected by the standard 
method of Bratton & Marshall (1939), even after acid hydro- 
lysis ; this conversion would almost certainly destroy all its 
therapeutic action. The apparent discrepancy between these 
results and those of Marshall, Emerson & Cutting (1937) is 
probably explained by the fact that these workers adminis- 
tered the drug orally, so that 2 hours would be occupied by 
absorption, and they examined the tissues at 4 hours, which 
would correspond to only 2 hours after intravenous injection, 
at which time the loss is still small. 
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THE EFFECT OF ACID, ALKALI, AND MEALS ON 
THE BLOOD LE\EL AND EXCRETION OF SULPHA- 
PYRIDINE IN CHILDREN 

by H. E. C. Wilson, British Medical Journal, 1, 507-508, 
24/4/43 

Alkali is often given to patients receiving sulphonamide com- 
pounds, in order to combat acidosis or to prevent precipitation 
of crystals in the urinary passages. The present author, who 
is Biochemist to the Royal Hospital for Sick Children at 
Glasgow, has investigated the effect of this practice upon the 
absorption and excretion of sulphapyridine. 

His observations were made on 15 children suffering froni 
Qon-relevant conditions, e.g. chorea. The test consisted of 
giving a single dose of sulphapyridine, 50 mg. per kg. body 
wight, and measuring the urinary excretion during 24 hours 
and the blood concentration after 1, 4, and 8 hours. Thr^ 
separate tests were carried out on each case: (i) sulphapyri- 
dine alone, (ii) sulphapyridine plus 2 g. sodium bicarbonate, 
fiii) sulphapyridine plus 1'3 g. ammonium chloride.^ The 
individual figures obtained varied greatly, but on talang an 
average it was found that the addition of acid or alkali to the 
sulphapyridine had no effect upon the subsequent blood con- 
centration (4-1 mg. per 100 cm^. at 1 hour, 5-2 mg. at 4 hour^ 
and 4-6 mg. at 8 hours), or on the rate of excretion [50 /o 
of the dose was excreted in the urine in 24 hours, of whicti 
52% was present as free sulphapyridine). There was no 
correlation between the giving of acid or alkali and the fre- 
quency of vomiting. 

In a second series of cases, a study was made of ‘he effect 
nf taking the drug two hours before a meal as compared with 
wo hMrs Mer. Tte time of the meal had no effal 
upon ffie rate of absorption of the compound. T^e excretion 
of the drug was slightly greater if the drug was taken immedi- 
ately after a meal ; but although this effect was large enoug 
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to be statistically significant, it was not sufficiently great to 
be of any practical clinical importance. The author concludes 
that for clinical purposes the giving of acid or alkali, or the 
adjustment of the dose in relation to meals, has no practical 
effect upon the rate of absorption or excretion of sulpha- 
pyridine. 
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SULPHAPYRIDINE ABSORPTION THROUGH THE 
HUMAN PLEURA 

by H. E. Vickers, Lancet, 2, 760-762, 18/12/43 
An account is given of the absorption of sulphapyridine 
through the pleura, as obser\’ed in 22 cases. The drug was 
placed in the pleural cavity as a powder (usually 7-5 g.) at 
the end of operation, and was spread over the pleura im- 
mediately before the operation wound was closed. Morning 
and evening estimations of the amount of free sulphapyridine 
in the blood were then made until the amount present was 
less than 0-5 mg. per 100 cm.’. No sulphonamides were 
given by mouth during this time. In all but two cases the 
maximxun level was attained within 24 hours of application. 
The hipest maximum recorded was 5-5 mg. per 100 cm.’, 
and the lowest 1 • 0 mg. The time taken to eliminate the drug 
varied from 3 to 9 (average 6) days, and the rate of elimination 
was fairly constant in each case. The pleural fluid and the 
blood' levels of the drug were not closely related. Absorp- 
tion of sulphapyridine through the pleura varies considerably 
in diflferent cases, as judged by relative sulphapyridine con- 
centrations in the pleural fluid and blood at the same interval 
after application. This is probably due to caking of the 
powdered drug and the formation of pleural adhesions 
which interfere with free absorption. 
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SULPHONAMIDE DERMATITIS : SENSITISATION 
FROM LOCAL APPUCATION 
by B. C. Tate & I. Klorfajn, Lancet, 1, 39-44, 8/1/44 
/Uthough most of the toxic reactions to internal administra- 
tion of the sulphonamides are now well known, ill effects 
from their external use are less generally recognised. Apart 
from a warning by Ingram (1942) that the local application 
of these drugs may cause sensitisation, the present writers 
found no mention of such effects in the literature. In their 
own experience sensitisation occurred in an appreciable pro- 
portion of cases. In those affected, an irritating eczematous 
dermatitis appeared after a period of sulphonamide applica- 
tion ; it was at first confined to the area under treatment, 
but it usually spread to other regions. This “ secondary 
eruption ” usually had the distribution commonly seen in 
sensitisation to other chemicals. Exposure to sunlight 
facilitated dermatitis and there is evidence that sul- 
phonamides themselves can cause sensitisation to sunlight. 
It was cMcult to assess the number of applications of sul- 
phonanude dressings necessary to cause sensitisation. In 
30 cases about which fairly rccurate data were available, the 
interval between the first application of sulphonamide and 
me appearance of the eruption varied between 4 and 14 days 
m 21 cases, and was more than 14 days in the remaining 
9 cases. The nature of the original disease is an important 
f^tor in the development of sensitisation ; of 55 cases, 15 had 
^n t^ted for impetigo and 12 for ecthyma. On the other 
hand, it dc^ not seem that any recognisable constitutional 
predisposition is necessary for the development of sensifisation. 

It appears that no single sulphonamide preparation is 
more likely than any other to cause dermatitis. Patients 
sensitised to one of the sulphonamide drugs are thereafter 
seimtive to other members of the group. Sensitisation is 
probably TCimanent ; in 3 patients examined by the authors 
semiti\ityhad persisted for 18, 15 and 6 months resj^tively. 

Treatment of the weeping areas of the dermatitis with 
j-^t^sar’s paste dressings was effective, and a lead and calamine 
otion u-as applied to dry parts of the rash. Desensitisation 
tvas attempted and was apparently achieved in 3 cases ; these 


were given sulphanilamide orally, 1 g. three times daily for 
8 days. Ten other patients were later successfully desensi- 
tised by this method, but whether such desensitisation will 
be permanent or whether the method is universally applicable 
is not yet known. 

The authors point out that sensitisation to sulphonamides 
resulted from treatment of conditions for which equally 
efficient, if not better, alternative remedies are available ; it 
may be as intense as to preclude subsequent administration of 
these drugs in effective doses for other diseases. For this 
reason local sulphonamide therapy for skin diseases and 
minor injuries is unjustifiable and should be discontinued. 
The original paper contains 11 photographs illustrating the 
skin eruptions seen. 

Reference 
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CHEMOTHERAPY AND SEROTHERAPY IN CERE- 
BROSPINAL (MENINGOCOCCAL) MENINGITIS : An 
Analysis of 3,206 Case Reports 

by A. A. Jubb, British Medical Journal, 1, 501-504, 24/4/43 
This paper, by a Medical Officer of the British Ministry of 
Health, opens with a summary of the incidence of cerebro- 
spinal fever in England and Wales from 1913 to 1940 and of 
the results of treatment in that period by anti-meningococcal 
serum, and proceeds to an analysis of recent results of treat- 
ment by chemotherapy (sulphonamide derivatives) combined 
with serum and by chemotherapy alone. During the severe 
epidemic in 1940 the Ministry of Health made arrangements 
for the collection of information on the results of those 
methods of treatment. Special forms were provided showing 
the nature of the particulars desired, and were supplied to 
large hospitals throughout the country. The response from 
the medical officers was generous, and well over three thousand 
forms were filled up and returned to the Ministry. After 
exclusion of the cases that did not survive for more than 
24 hours after admission to hospital, there remained for 
analysis 3,206 reports of cases treated either by chemo- 
therapy plus serum or by chemotherapy alone. The drug 
most often employed was sulphapyridine, given orally and 
sometimes, in addition, intramuscularly or intravenously. 
Sulphanilamide, soluseptasine and sulphathiazole were oc- 
casionally used. The analysis gave the following results; 
(a) Among the total of 3,206 cases the fatality rate was 
10-5 % ; (b) of the 3,206 cases, 849 were treated by chemo- 
therapy plus serum with a fatality rate of 13-8 % ; (c) 2,357 
cases were treated by chemotherapy alone svith a fatality 
rate of 9-2%. 

The meningococcus was sought in 2,993 cases and found 
in 91 %. Examination for Group was naturally less exten- 
sive ; it was successful in 489 cases, giving 90 % Group I and 
10% Group n. A comparison with the ascertained pro- 
portions of the Groups in former epidemic and non-epidemic 
times supports the opinion that an increase of Group I is a 
factor in epidemicity. In the cases analysed, however. 
Group n equalled Group I in severity of illness and excelled 
it in fatality. 

It did not appear that the dosage of sulphonamides recom- 
mended by Banks (1939) was of importance (Banks himself 
considered that smaller dosage might be efficacious). 

The tables given in the paper show the familiar curse of 
fatality, falling from infancy to adolescence and rising to old 
age, with the difference that in the chemotherapy cla^ the 
fatality was lower in all age 'groups, except two, than in the 
chemotherapy plus serum class. At “ all ages ” of the total 
cases the fatality rate in females was higher (12-2%) than 
that of the males (9-3 %) ; it may have been that osring to 
circumstances a larger proportion of the males received 
prompt treatment. 

The author states that it is desirable that the s-alue of 
cerebral and lumbar puncture should be defined, that is, 
whether or not the procedure should be reserved for diagnosis 
and he asks whether the salue of intramupilar injections of 
drugs is great enough to outweigh the risk of absc^s and 
sloughing, and the consequent extra labour in nurs-Ing and 
delay in cons'alescence. 

Reference 

Banks, H. S. (1939) Lancet, 2, 921 


81 



SOME ASPECTS OF THE CHEMOTHERAPY OP 
PNEUMONIA 

byT. Anderson, British Medical Journal, 1, 717-719, 12/6/43 

The author is Physician-Superintendent of the Knightswood 
Fever Hospital, Glasgow, and has there had exceptional 
opportunities of studying the response of pneumonia to 
treatment. His material consists of 397 cases treated before 
sulphonamides were introduced, and 306 treated with 
sulphapyridine : these were all admitted with the diagnosis 
of acute primary pneumoma, and the great majority were 
lobar in distribution. An analysis of these cases brings out 
several interesting points, and justifies the author in his main 
conclusion that sulphonamide treatment has by no means 
wholly solved the problem of treating pneumonia. In the 
first place, infection by pneumococci of type II has been 
much more prevalent in Glasgow than in the south of England, 
and the prognosis in this type is worse. Whereas sulpha- 
pyridine has reduced the mortality in type I infections from 
8 % to 3 %, the reduction in type II infections is from 29 % to 
only 12%. Age is a still more important factor: in cases 
under 40, chemotherapy has reduced the mortality from 14 % 
to 4 %, but in those over 40 it has only fallen from 32 % to 
26%. 

There is, as would be expected, a close correlation between 
bacterfemia on admission and a high fatality-rate : 
bacterijemia was also commonly followed by delayed 
resolution. Combined chemotherapy and serum treatment 
have not given encouraging results in the author’s cases, 
and he leaves his reader with the impression that much 
remains to be done in order to improve the outlook for 
certain types of case. There will be general agreement with 
his conclusion that any report on the results of treatment in 
pneumonia should specify the ages of the patients, the presence 
or absence of bacterismia, and the type of pneumococcus 
responsible. 
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THE EFFECT OF CHEMOTHERAPY ON THE MOR- 

TALITY FROM PNEUMONIA IN GLASGOW 

by T. Anderson, British Medical Journal 2, 779-780, 18/12/43 

Since the introduction of sulphonamides it has been claimed 
from analyses based purely on hospital records that fatality 
rates from pneumonia have been lowered to about I of their 
former level. [It should be stated, however, that Martin 
(1942) was only able to show a reduction in the number of 
d.aths in England and Wales in 1939-1941 as compared 
with 1934-1937 of possibly 12 %. For Scotland the reduc- 
tion was greater, perhaps 24 %, but lobar pneumonia showed 
a greater reduction (40%) as compared with other types 
(16%).] 

In the present paper fatality rates of notified cases of pneu- 
monia in Glasgow are compared for the two periods 1922- 
1938 and 1939-1941 in age-groups. Reductions in mor- 
tality were recorded of 25 % at ages under I 53 % at ages 
1 to 10 ; 64 % at ages 11 to 20 ; 57 % at ages 21 to 45 ; and 
36 % at ages over 45, thus showing that the improvement is 
least at the younger and older ages. For all ages combined, 
a reduction of only 30 % is shown, indicating to what extent 
the average reduction masks the great improvement at 
middle life, 

As notification is incomplete, and not necessarily equally 
so at each age-group, the method involves the assumption 
that the degree of incompleteness has at least been constant 
within each age-group throughout the total period. [Changes 
in the medical personnel issuing notifications over so long 
a period might perhaps make the validity of this assumption 

doubtful.] ■ • tu 

Accepting the general view that lobar pneumoma is the 

more common lesion in middle life, bronchopneumonia in 
later life, and that it seems evident therefore that the pro- 
gnosis with chemotherapy is more favourable for the former, 
the author discusses why this should be. He argues that in 
lobar pneumonia, as the organisms causing the disease are 
usually of a more invasive type than those associated -with 
bronchopneumonia, individual resistance does not have to 
be lowered to the same extent as in bronchopneiOTonia to 
permit of infection. It is predominantly during infancy and 
in the aee-Rroups 45 and over— /.e. at those penods when the 
mract of^dvLe social and economic faclom tave >no« 
E-that individual resistance is most easily lowered and 


to the greatest degree. For these reasons the broncho- 
pneumonia type is more prevalent at these ages. 

This suggests that chemotherapy alone is insufficient unless 
supported by what the author calls non-specific resistance on 
the part of the patient. More knowledge is required as to 
what means can be adopted to increase such resistance. 

Reference 

1 Martin, W. J. (1942) Brit. med. J. 2, 540 
^ [see BMB 74] 
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SULPHAMEZATHINE IN LOBAR PNEUMONIA: A 

Comparison with Sulphapyridine 

by G. Melton, Lancet, 1, 277-278, 26/2/44 

The author summarises the results of treatment of two un- 
selected concurrent series of cases of lobar pneumonia, 
134 of which were treated with sulphamezathine and 179 
with sulphapyridine. 

There was a mortality of 6-7% in the sulphamezathine 
and 1 1 ■ I % in the sulphapyridine series. 

The initial dose of sulphamezathine was 4 g., followed by 

2 g. six-hourly. Very few toxic manifestations were seen, 
and a comparison of findings in the two series was in favour 
of sulphamezathine. 
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SULPHAGUANIDINE IN NEONATAL EPIDEMIC 
GASTRO-ENTERTTIS 

by J. L. Henderson, British Medical Journal, 1, 410-413, 3/4/43 

In this paper from the Simpson Memorial Maternity Hospital, 
the author, who is Lecturer to the Department of Child Life 
and Health of Edinburgh University, records the excellent 
results achieved with sulphaguanidine in epidemic gastro- 
enteritis in the newborn, the most lethal of the commoner 
neonatal infections. Rice, Best, Frant & Abramson (1937) 
focused attention on the appalling waste of infant life in 
maternity hospitals in New York from this preventable 
alimentary infection. In the earlier literature, the paper 
based on the largest series of cases was published from 
Edinburgh (Craig, 1933). Numerous recent publications in 
both Britain and the U.S.A. have shown that few maternity 
hospitals are exempt from periodic epidemics of neonatal 
gastro-enteritis. The vast majority of affected infants are 
bottle-fed. The causal bacterium or virus still eludes identi- 
fication. Six epidemics and a few sporadic cases, comprising 
a total of 102 infants with gastro-enteritis, occurred in the 
Simpson Maternity Hospital during the three years 1940-2. 
The incidence of 1-5% during this period was abnormally 
high. 

Before the commencement, early in 1942, of sulphaguani- 
dine therapy, the mortality rate in 72 cases was 76%. After 
the introduction of this drug, the mortality rate in 30 cases 
fell to 10%. The greatly improved results did not justify 
the use of controls. The mortality rate in the series of 
30 cases treated with sulphaguanidine would probably have 
been still lower if there had not been so many very premature 
infants. There were 1 1 mature and 19 premature infants, and 
8 of the premature infants weighed less than 4 pounds 
[1816 g,] at birth. The three fatal cases all belonged to the 
latter group. 

The initial signs of gastro-enteritis usually appear after the 
first week of life. A sudden failure of appetite is the first 
sign of illness. Diminished vitality, a tired, sickly appearance 
and pallor follow within a few hours. Diarrhoea as a rule 
develops within a few hours of the onset, but may be delayed 
for 24 hours. The stools are watery in most cases. They are 
usually yellow and often contain mucus. The number 
frequently exceeds 10 a day and may be uncountable. Signs 
of dehydration usually appear by the second day, and rapidly 
become severe in the absence of appropriate treatment. The 
weight course shows a sudden reversal and falls rapidly. 
Fever is an inconstant feature. Vomiting is a more pro- 
nounced feature in some epidemics than in others, and may 
be absent. Abdominal distension is common. 

Treatment 

(a) General: The following simple routine, in conjunction 
with sulphaguanidine therapy, has given very satisfactorj^ 
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results. An initial purge has been omitted when diarrhoea 
has become established. Milk is entirely withheld, and 5 % 
lactose or dextri-maltose water is given ad lib. every one and 
a half hours. If fluid amounting to 4 ounces [120 cm®.] 
per pound [454 g.] of birth weight per day is not taken, the 
total must be made up to this amount by the use of the 
stomach-tube. Such an ample fluid intake is essential to 
replace the excessive loss, and to ensure adequate renal 
elimination. When there is much vomiting, the sugar should 
be given in 1/5 normal saline instead of water. In severe 
cases the fluid may have to be introduced by stomach-tube 
for several days. Only sugar and water or diluted saline 
should be given until the appetite returns ; this may not occur 
before from several days to a week. Tlie above regime, 
coupled with sulphaguanidine therapy, renders the parenteral 
administration of fluid unnecessary in most cases. The 
necessity for introducing milk gradually when the appetite 
returns must be emphasised. It is customary in the author’s 
hospital to give it in alternate feeds in the form of either 
half-strength breast-milk or sweetened condensed milk 
diluted 12 times. TTie number of dilute milk feeds is slowly 
increased until milk is being given at every feed. Then the 
feeds are gradually strengthened according to the demands 
of the appetite. ' 

(6) Sulphasuanidine : It is of the utmost importance to give 
full doses as early as possible. Owing to its slow absorption 
from the bowel and the necessity for -achieving a high con- 
centration therein, larger doses of this sulphonamide should 
be given than of the others. In the present series of cases 
the mature infants received an initial dose of 0-75 g. followed 
by 0-5 g. every four hours, and premature infants an initial 
dose of 0-5 g. followed by 0-25 g. every three hours. The 
latter dose is well tolerated by very premature infants pro- 
vided ample fluid is given. These doses are continued for 
several days until there is pronounced clinical improvement 
with a return of appetite. It is then gradually reduced, being 
stopped a few days later. In some cases it was continued 
for as long as a fortnight. Much work remains to be done 
on the action of various sulphonamide compounds in neo- 
natal gastro-enteritis and more experience with sulpha- 
guarudine is needed. 

(c) Prophylactic ; Immediate isolation of all infants sus- 
pected of infective gastro-enteritis is essential in maternity 
hospitals. Confirmation of the diagnosis should be followed 
by strict precautions, to limit the extent and duration of the 
outbreak. Frant & Abramson (1938) have drawn up an 
excellent code of hygiene for the prevention and control of 
this and other infections in hospital nurseries. 

Toxicity of Sulphaguanidine 

Sulpha^anidine is one of the less toxic sulphonamides 
sjow absorption from the bowel, but 20 to 25% 
of the drug is excreted in the urine. The maintenance of 
a high flmd intake is important to eliminate the possibility 
of exc^sive concentration of the drug in the urine, with 
crystaUisation in the urinary tract. The urine of infants 
receiving the drug often contains a few characteristic crystals 
m the form of parallelogrammic plates, and needles occurring 
yngly and in sheaves, but these should never be abundant. 
A r^rrence of frequent defiecation, which appeared to be 
a delayed toxic effect of sulphaguanidine on the bowel, 
o«airred in 8 of the 30 infants. This phase began 8 to 10 days 
^er starting with the drug, and subsided a few days later, 
tne stools were small in bulk and normal in appearance. 

Conclusions 

The author concludes that the prognosis in epidemic 
gastroenteritis of the newborn has been dramatically im- 
proved by sulphaguanidine therapy. To achieve optimal 
results sulphaguamdine must be given in the full doses 
re«mmended. An ample fluid intake must be ensured. 

uid every hours is recommended. Tube-feeding may 
n^ssary when there is anorexia. Parenteral administra- 
tion IS seldom required. 

should be withheld entirely until the appetite returns, 
and reintroduced very gradually. 
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SULPHAGUANIDINE IN THE TREATMENT OF 
FLEXNER DYSENTERY 

by H. G. Smith, British Medical Journal, 1, 287-288, 26/2/44 
Forty-four young women of 17 to 37 (average 21) years ad- 
mitted to a Scottish fever hospital with Flexner dysentery 
were treated with sulphaguanidine by mouth. The usual 
dosage was 142 g. in 10 days (in no case less than 129 g.). 

In all cases the treatment resulted in non-dysenteric stools 
which were negative for B. dysenterice (Flexner). Twenty- 
one of the patients developed a toxic rash, usually pink and 
maculo-papular and appiearing on the ninth day of treatment. 

In view of the high incidence of toxic rashes, the author 
tested for hypersensitivity by giving to 4 groups {a, b, c, d) of 
3 affected patients test doses of (a) sulphanilamide (1 g.) ; 
(b) sulphathiazole (1 g.) ; (c) sulphadiazine (1 g.) and (d) sul- 
phaguanidine (2 g.). 

No reactions were seen in groups a, b and c. One patient 
in group d developed a scarlatiniform rash which faded in 
20 hours. The 9 patients in groups a, b and c were subse- 
quently each given 2 g. sulphaguanidine, and 7 of them 
developed toxic rashes. 

Conclusions. Bacteriological results were very satisfactory, 
but the high incidence of toxic rashes was a serious dis- 
advantage of the treatment. The lack of reaction to other 
sulphonamides in the sensitive subjects suggests that the 
guanidine radical may be the sensitizing agent. The author 
comments that children tolerate high doses of sulphaguani- 
pine without adverse effects. 
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STAPHYLOCOCCAL SEPTICAEMIA TREATED WITH 
SULPHADIAZINE 

by H. B. Norman, British Medical Journal, 1, 183, Sfl/H 
A case of staphylococcal septictemia is reported in which a 
dramatic response was obtained svith sulphadiazine after 
sulphathiazole had proved ineffective. The patient, a 
soldier aged 32, was admitted to hospital complaining of 
aching in the limbs and malaise for one week. A fortnight 
earlier he had had a boil on the back of his neck. On ad- 
mission, temperature was 101° F. [about 38-3° C.] and the 
blood count showed : hemoglobin 84 %, erythrocytes 
4,690,000 per mm.®, colour index 0-91, leucocytes 14,000. 
The patient was given full doses of sulphathiazole. A week 
later Staph, aureus was cultured from pus obtained from a 
fluctuant nodule on the left arm. The patient’s condition 
continued to deteriorate and 18 days after admission sulpha- 
thiazole was stopped, after a total administration of 60 g. 
without obvious benefit. The administration of sulpha- 
diazine was begim and a total of 100 g. was given over 12 days. 
The response was immediate and tvithin 8 days the patient’s 
condition was satisfactory. Later, in view of the prolonged 
septic infection and moderate anemia, 1 pint of blood was 
transfused intravenously ; hemoglobin was 96 % after trans- 
fusion. Convalescence thereafter was uneventful. 


HE ROLE OF CHEMOTHERAPY IN THE TREAT- 
lENT OF H/EMATOGENOUS OSTEOMV'ELITIS 
y K. C. McKeown, British Journal of Surgery, 31, 13-22, 
uly 1943 

, series of 26 cases of acute hematogenous osteomyelitis was 
•eated with sulphathiazole and various types of surgical 
itervention. Details of variations in the treatment of all 
ises are given and there are 12 radiographs. 

In the 17 cases which received early sulphathiazole corn- 
ined with bone drilling, the degree of bone change shown in 
le radiographs was minimal. In 2 of these casK there were 
o radiographic changes, although the diagnosis was not in 
oubt. The dosage of sulphathiazole was 1 g. per 20 ib. 
ibout 9 kg.] body weight per day for 8 days, ^ginning at 
le onset of the disease. After an interval of 3 weeks the 
jurse was repeated. Usually the surgical treatment coa- 
sted in making multiple holes in the metaphysis between the 
xtond and sixth days of the disease. ^ _ 

In the remaining cases in which surgical intencntion - 
linimal (3 cases) or different (2 cases) or in which 
liazole was administered later (3 cases) or in smalle. dosag. 
case), the severity of bone infection did not appear to be 
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modified by chemotherapy. Results were compared with 
a control series of 74 cases treated without chemotherapy. 

The duration of the disease appeared to be considerably 
shortened in those cases in which sulphathiazole was em- 
ployed, although the data were incomplete in some respects. 
Combination of sulphathiazole and bone drilling appeared 
to reduce the duration of the disease by 60 %. 
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SULPHANILAMIDE IN THE TREATMENT OF SMALL- 
POX 

by P. B. Wilkinson, Lancet, 2, 67-69, 18/7/42 


Working in Hong Kong during the smallpox epidemic which 
raged from November 1937 to July 1938, the author was 
able to study the effect of sulphanilamide in this disease. 
The epidemic was characterised by the occurrence of a high 
percentage of toxic or hffimorrhagic cases, and therefore 
afforded an admirable opportunity of testing the effect of 
the drug in all types of smallpox. In a preliminary discussion 
the author notes the following points. Smallpox is a diphasic 
disease, the two phases being the toxic and the focal. The 
focal phase is merely a sequela of the toxic phase, and is not 
to be regarded as an essential part of smallpox proper. 
It is necessary to know the vaccinal history of the patient 
before attempting to assess the use of any drug in the treat- 
ment of either phase of smallpox, because vaccination 
profoundly modifies the character of the toxic phase as 
well as the number and type of lesions seen in the focal phase. 

The effect of sulphanilamide on both phases of the disease 
was observed in a series of 103 patients. The drug was 
given in powder form by mouth in a dose of 1 g. four-hourly, 
with necessary modifications for age. No initial loading dose 
was employed. 

The results were as follows ; of the 13 toxic or hemorrhagic 
ises treated with the drug not one recovered, and in no 
ise was there any sign that the toxic phase of the disease 
as in the least modified. The remaining 90 patients in the 
iries were divisible into two groups: 41 who had been 
reviously vaccinated, and 49 who had not. In only 19 of 
le 49 unvaccinated patients was the evolution of the focal 
sions obviously changed, the change most commonly seen 
jing an arrest of the lesion at the vesicular stage. In other 
words, the lesions dried up instead of becoming mature 
pustules, leaving the face and body covered with a multi- 
tude of small homy pocks. These 19 patients showed no 
secondary focal or septic fever. The other 30 unvaccinated 
patients showed no modification of the natural course of the 
disease as a result of sulphanilamide therapy. 

In the second group of 41 vaccinated patients, the drug 
was used because of some septic complication which had 
arisen during the course of the disease. The most frequently 
observed complications were boils, muscle abscesses, skin 
sloughing, cellulitis, otitis media and furunculosis of the 
external auditory meatus ; rarer complications were panoph- 
thalmitis, suppurative arthritis, suppurative periostitis and 
streptococcal infections of the genito-urinaiy tract. Results 
in these cases were dramatic, and once adequate drainage had 
been established, recovery tended to be prompt and un- 
interrupted provided an adequate dosage of sulphanilamide 
was employed. 

The figures for the three groups in the series of 103 patients 


are as follows : 

Toxic 

Focal Phase 

Unvaccinated Vaccinated 

Cases treated 

... 13 

49 

41 

Deaths 

... 13 

11 

2 

Fatality rate 

... 100% 

22-4% 

4-8% 


As a result of these observations the author concludes : 
(i) that the toxic phase of smallpox is unaffected by sulphanil- 
amide ; (ii) that the focal phase is modified in a certain 
number of unvaccinated patients in the sense that the normal 
evolution of the lesions is arrested at the vesicular stage ; 
(iii) that the septic complications which so often occur in 
the focal phase are profoundly influenced by the drug, which 
is indeed life-saving in some of these cases. He therefore 
advocates the use of sulphanilamide m the focal phase 
because this measure reduces the fatality rate m those ^ses 
showing septic complications, and helps to abort the focal 
phase in a certain percentage of cases. 


Arsenical and Antimonial 
Compounds* 
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THE STANDARDISATION OF THE THERAPEUTIC 
POTENCY OF NEOARSPHENAMINE AND SULPH- 
ARSPHENAMINE 

by F. Hawking, Quarterly Journal of Pharmacy & Pharma- 
cology, 16, 13-24, January & March 1943 

The author, from the Department of Biological Standards 
of the Medical Research Council, describes the reorganisation 
of the tests used in the biological standardisation of 
neoarsphenaminc, and the statistical principles on which 
the framing of such tests depends. Two groups each of 
10 mice suitably infected with T. equiperdum are taken. The 
mice of the first group are given intravenously a dose (x) 
of the sample of ncoarsphenamine under test, dissolved to 
form a O’l % solution. The mice of the second group are 
similarly treated with the standard preparation, the dose of 
the standard (0-8 a:) being 80% that of the sample under 
test. The dose of the standard is chosen so as to give 
approximately a 50 % response. The blood of the mice is 
examined microscopically on the first and third days after 
the treatment, and if no trypanosomes can be found on the 
third day the corresponding mouse is regarded as “ cured.” 
K the sample under test “ cures ” two (or more) mice more 
than the standard “cures,” it is accepted without further 
trial. When it fails to do this, the test is repeated once; 
if the total number of mice “ cured ” by the sample is equal 
to or greater than the number “ cured ” by the standard, the 
sample is passed for commercial sale ; if not, it is rejected. 

This arrangement of the doses allows for the passing of 
samples with a therapeutic potency 20% less than that of 
the standard preparation, as recommended by the International 
Conference. By statistical analysis, based on the logarithm- 
dose : probit-response curve, it is shown that only 1-7% of 
batches of ncoarsphenamine having a potency 9 % less than 
the regulation level (80 % of that of the standard preparation) 
would be incorrectly passed on the first test, and only 1 '7 % of 
batches having a potency 10% above the regulation level 
would be incorrectly rejected. The accuracy is consequently 
high. The test has proved convenient and simple to carry 
out, and the principles on which it is based will be applied to 
other tests when the opportunity comes. 
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TREATMENT OF LYMPHOGRANULOMA INGUINALE 
WITH ANTHIOMALINE 
by W. A. Law, Lancet, 1. 300-304, 6/3/43 
[Lymphogranuloma inguinale has attracted increased interest 
since it became recognised as a venereal disease caused by a 
virus, and widespread in temperate as well as tropical parts 
of the world. The tendency of most uncomplicated cases 
to heal spontaneously after some weeks or months makes it 
difficult to estimate the value of a method of treatment. 
Various remedies that have been tried include the thera- 
peutic use of Frei antigen, protein shock therapy with T.A.B. 
vaccine or “ Pyrifer ” (a preparation of B. coli), gold salts, 
various compounds of antimony, and sulphonamides. 
“ Anthiomaline,” a compound (lithium antimony thiomalate) 
containing 16 % of antimony, was used with apparent 
success in Paris in 1935 by Sezary, and Shaffer (1942) con- 
sidered it to be as effective as the sulphonamides, sometimes 
acting when the latter failed and vice versa.] 

The present paper is a detailed study of the disease by a 
surgical specialist in the British army in West Africa. During 
eighteen months he treated 220 cases, of whom 33 were 
European and 187 Africans, all previously fit soldieis. All 
except three, in whom the neck glands were infected, were 
genital and inguinal cases, and there was no rectal involve- 
ment. Over 85% of the Africans were circumcised, this 
being usual among them, and the author suggests that their 
infection, as with syphilis, was probably due to some minor 
abrasion during coitus. 

Diagnosis. In nearly aU cases the clinical diagnosis was 
confirmed by Frei’s intradermal test, the Kahn test, the ^ 
of a Dmelcos vaccine test, microscopical examination f or 

• [see also BMB 303, 314 & 337J 
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spiroclitctes and gonococci, and biopsy with histological 
section. The Frei test was positive in 61 %, doubtfully 
positiTC in 16%, and negative in 15 %, and in the remainder 
(17 cases) it was not done owing to lack of antigen. It was 
not possible to make other tests except the “ vesicular test ” 
of Ottolina (1941) which was tried in 20 cases of which 
10 were strongly Frei-positive ; only one positive vesicular 
reaction was obtained and that was in a previously Frei- 
negative patient. The author found the small nodule called 
“Fischer’s Knotchen,” which develops in Frei’s test, verj’ 
useful for diagnosis in African patients. 

Primary lesion. This was obsen’cd in 52 cases ; an intra- 
uiethral papule mentioned by Romanis & Mitchiner (1941) 
was not encountered although it was searched for. 

Bubo. The author describes tlie “ bubo ’’ clinically and 
pathologically in the four progressive stages suggested by 
Stammers & Law (1941), each of which readily merges into 
the succeeding stage. Histological section showed infiltra- 
tion of the tissues by mononuclear cells and multiple areas of 
focal necrosis. There were few polymorphonuclear cells. 

Treatment. The author emphasises the need to prevent 
secondary infection and condemns incision and drainage or 
scraping and packing \sith gauze. In the relatively few 
early cases, excision of the gland was effective and healing 
occurred within 2 or 3 weeks. When softening had taken 
place aspiration was performed, taking care to seal the 
puncture hole afterwards. As the disease is not merely a 
local lesion, the author changed from purely surgical measures 
to the use of anthiomaline, given intramuscularly in cases 
seen earlier, and intravenously in the later cases of the series. 
The injections were given two or three times a week beginning 
with 0-5 cm.’ and increasing by 0-5 cm.’ up to 2 cm.’ with 
a maximum of twenty injections and a total dose of 0 • 2 g. 
When anthiomaline was not available a 1 % aqueous solution 
of sodium antimony tartrate was substituted, beginning 
wi4 1-5 cm.’ and increasing by 1 -5 cm.’ up to 6 cm.’ given 
twice a week. Relief of pain was often dramatic after two 
or th^ injections. No U1 effects were seen, except a mild 
pyrexia a few hours after an intravenous injection. 

The patients were not kept in bed and were able to do 
light work in hospital ; three Europeans in the fourth stage 
[see above] with fistula and ulceration were treated success- 
fully while carrying out their normal duties. 

"^e average number of injections required was ten, during 
a liWe over three weeks. To avoid relapse it was found 
advisable to give eight or more injections, even if the glandular 
swelling had subsided before the completion of the course. 

In one African in the second stage, a coherent mass of 
glands with a central cavity cont ainin g sterile pus was re- 
moved from the right groin. The wound healed promptly, 
but the scar became keloid. The glands of the left side were 
left, and anthiomaline was given intravenously. The 
glandular swelling subsided without any complication 
TOthin the time required (8 days) for the healing of the right 


Sulphanilamide. Forty-five cases were treated with sulph- 
^amide, which was given orally tis tablets — 2 g. every 

4 hours for 48 hours, then 1 g. every 4 horns for 72 hours, 
^en 1 g. every 8 hours for 48 hours ; after an interval of 

5 to 7 days this course was repeated. The results were 
satisfactory but rather less so than with antimony, and the 
patients required to be kept in bed for the whole period. 
Blood leucocyte counts were made at intervals during this 
treatment. 

Relapses. Twelve cases relapsed and the Frei test remained 
positive. The glandular swelling recurred in 4 to 12 weeks 
after subsidence of all symptoms and signs, and in all cases 
anotter course of anthiomaline produced a satisfactory 
result. 

The author concludes that the results with anthiomaline 
comped favourably wth those from other methods, 
“eluding sulphanilamide. 
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PHEMERIDE : A NEW ANTISEPTIC DETERGENT 
by C. N. Hand, Lancet, 1, 49-51, 8/1/44 
Tests were made on a new organic detergent, phemeride 
or phemcrol (pnro-tertiary-octyl-phenyl-diethoxy-benzyl-di- 
methyl ammonium chloride). It is a quaternary ammonium 
compound and contains a long aliphatic chain ; it resembles 
cctavlon, the new detergent which was first described as 
CTAB (cetyl-trimethyl-ammonium bromide). According to 
the classification of Baker, Harrison & Miller (1941) it is 
a (Etionic detergent and therefore more active against gram- 
positive than gram-negative organisms, and more germicidal 
to cither than the anionic detergents. The germicidal action 
of these substances is probably due to disruption of or inter- 
ference with the functions of the bacterial cell-membrane. 
In vitro tests showed phemeride to inhibit the growth of 
Staph, aureus in a dilution of 1 : 400,000 ; Strept. pyogenes, 
C. diphtherioe and Cl. wclchii were inhibited with a dilution 
of 1 : 200,000. Gram-negative organisms were less sensitive ; 
E. coli was inhibited with a dilution of 1 : 160,000, P. vulgaris 
with 1 ; 4,000 and Ps. pyocyanea with 1 : 2,000. 

Phemeride has a relatively low toxicity to leucocytes. 
A dilution of 1 ; 4,000 stopped phagocytosis in 4 hours ; 

1 : 8,000 did not st ip it after 5 hours. The anti-bacterial 
action of phemeride does not appear to be closely related to 
the size of the inoculum. 

A small series of clinical tests was made. Phemeride was 
found to be an effirient skin antiseptic ; no sign of skin 
sensitivity developed from its use. In a few observations 
made on infected thoracic wounds and fistute there appeared 
to be a diminution of infection in some cases, but results 
were not conclusive. No toxic symptoms were seen. The 
authors conclude that ph meride has good bactericidal 
properties ano is relatively non-toxic to the tissues. It can 
be placed in open wounds and the pleural cavity without 
apparent damage. 
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THE LETHAL ACTION OF BENZYL BENZOATE, DI- 
METHYLTHIANTHRENE (“ MHIGAL ’’) AND TETRA- 
ETHYLTHIURAM MONOSULPHIDE (“ TETMOS”) 
ON THE SCABIES-PRODUCE^G MTIES, NOTOBDRES 
SP. AND SARCOPTBS SCABIEI VAR. HOMINIS, 
WHEN TESTED IN VITRO 

by R. M. Gordon &K. Unsworth, Annals of Tropical Medicine 
and Parasitology, 37, 195-199, December 1943 


lenzyl benzoate, dimethylthianthrene (mitigal), and tetra- 
ithylthiuram monosulphide (tetmos) are all knoryn 
iffective sarcopticides in the treatment of scabies. The 
iuthors describe experiments with Notoedres (from imectec 
ats) and the human scabies parasite (Sarcoptes scabiei var 
wminis) on the relative efficiency in vitro of these thrw tmni- 
lounds, all of which were used in 5 % solution, ^rlier t«U 
vith 10 % solutions were discontinued because the parasite.' 
lerished too quickly to permit comparative observations^. 

After immersion in 5 % tetmos for 10 hours, only 6 % o 
he Notoedres survived. With mitigal and ^nzy-l tenzoate 
he corresponding percentage survival 59 and 90. 

Similar experiments were performed with the hutnan para 
lite. Fewer of these were avaUable, and compamon 
nade only between tetmos and benzyl benzoate. Resism 
o both compounds was greater than in the case oihotoedres 
jut tetmos was clearly more effective. 

The authors emphasize that the r«ults of in [”• 

jot have a direct clinical appUcation. For ’ 

veil known that the human scabies parasite will sur\i\e fo 
SsS sffiphTointment. The efficacy f 
h ffie treateiem of scabies is presumably due to the b^ratio 
"f acSroducts produced after appheauon to the^- ^ 

[An account of the cliiucal use of tetmos (described . 
P^T.M.S.) will be found in BMB 78.] 
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TUBERCULOSIS TREATED WITH PROMIN 

by F. R. G. Heaf, J. V. Hurford, A. Eiser & L. M. Franklin, 

Lancet, 1, 702-704, 5/6/43 

The use of “ promih ” (sodium p : p'-diamino diphenyl 
sulphone-N : N'-didextrose sulphonate) in the treatment of 
pulmonary tuberculosis is still in the experimental stage. 
This article is an interim report on work which is continuing, 
and consists of the findings in 18 cases of pulmonary tubercu- 
losis (4 with tuberculosis of the larynx as well) and 1 genito- 
urinary case. 

Methods and dosage. The drug was given in courses 
averaging 8^ weeks, and in this period the administration 
was continuous for 2 weeks and was followed by a week’s 
rest. Total dosage varied from 8-4 g. to 96-8 g., and ex- 
ceeded 30 g. in 10 cases. The oral route was used in 13 cases 
and the intravenous in 2 (including the genito-urinary 
case). 

A period of bed-rest averaging 23 weeks preceded the 
promin treatment in the pulmonary cases, and acted as a 
control. During this period the cases were largely stationary. 
The clinical state was assessed by x:-rays, hremograms, 
temperature, weight, and sputum examination. The promin 
content in blood and urine was estimated weekly. Ex- 
aminations of blood and urine for abnormal pigments, 
and blood counts and hasmoglobin estimations were done 
regularly. 

Laboratory investigations. The level of promin in the 
blood did not follow the dosage at all closely. 2-5 mg. per 
100 cm.® was the average blood concentration with oral 
administration. The haemoglobin fell in all cases until iron 
was given as a routine. In only one case was the leucocyte 
count affected. The promin concentration in the urine was 
high (sometimes more than 100 mg./lOO cm.®), and well 
maintained during the rest periods. With the intravenous 
dosage the blood concentration averaged 1 mg. per 100 cm.® 
during administration, and 0-7 mg. during the rest period. 

Clinical results. The 14 purely pulmonary cases com- 
prised 8 cases of fibro-caseous disease with excavation, 

1 pneumonic case, 3 cases of limited disease of the exudative 
type, and 2 thoracoplasty cases with spread to the other 
side. There were no adverse symptoms from the intravenous 
dosage. The oral cases had cyanosis, headache, nausea, 
and giddiness, all of moderate degree. Results are seen in 
the following table : 


Clinical Stale 

Cases 

Worse 
or dead 

No 

change 

Slight 

improve- 

ment 

Definite 

improve- 

ment 

Advanced, poor 
resistance 

2 

2 

0 

0 

0 

Advanced, good 
resistance 

5 

0 

2 

1 

2 

Moderate disease 

4 

0 

2 

0 

2 

Limited disease . 

3 

0 

2 

0 

i 1 

1 

1 


The genito-urinary case improved considerably. It was 
thought that promin probably had a deleterious effect 
on one patient who died, an advanced case with poor 
resistance. 

Laryngeal application. Four cases were treated, 2 with 
insufflation of a powder containing promin, and 2 by painting 
the larynx with a 50% promin in glycerine paint. The 
latter 2 cases improved. 

Conclusions. Results were indefinite, but the authors’ 
impressions of the value of promin were, in general, negative. 
The following conclusions appear to them to be justifiable : 
(i) Oral promin produces moderately unpleasant toxic symp- 
toms and haemolytic anaemia, (ii) the anaemia is prevented 
by iron, (iii) the intravenous route produces no toxic symp- 
toms nor anaemia, (iv) promin is not suitable for advanced 
cases with poor resistance, (v) the local application of 
promin in laryngeal tuberculosis is worthy of further in- 
vestigation. 


Routes of Administration : Local 
Reactions 
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STUDIES IN CHEMOTHERAPY. XXXIV— COMPARI- 
SON OF THE RESULTS OBTAINED BY DIFFERENT 
METHODS OF ADMINISTRATION OF DRUGS IN 
TRYPANOSOMAL INFECTIONS IN MICE 
by J. D. Fulton & W, Yorke, Annals of Tropical Medicine and 
Parasitology, 37, 80-95, September 1943 

Whatever route or systemic administration may be adopted, 
its efficacy depends upon attaining a certain concentration 
of drug in the blood-stream. Preliminary trials of new com- 
pounds for trypanocidal or spirochaetocidal action are almost 
invariably performed in mice, but routes of administration 
vary. No systematic investigation of the best route for this 
purpose seems to have been reported, and the authors have 
accordingly undertaken an investigation of the results of 
treatment of large numbers of mice by oral, subcutaneous, 
intraperitoneal and intravenous administration of 6 drugs 
(tryparsamide, tryparsamide thioglycoUate, neoarsphenamine, 
diamidino monomethyl stilbene, diamidino dimethyl stilbene, 
7 amino-9 (p-aminophenyl)-lO methyl phenanthridinium 
chloride). 

It was found that the best therapeutic indices 
maximum tolerated dose maximum tolerated dosex 

minimum effective dose minimum curative dose/ 

were obtained by subcutaneous administration, although in 
the case of tryparsamide and reduced (trivalent) tryparsamide 
some other routes gave as good results. All the compounds 
tested, except tryparsamide, caused bald patches or ulcers at 
the site of injection. 

Points for and against other routes of administration are 
discussed and the experimental results are tabulated. 

A comparison of the relative efficacy of the drugs iwed 
showed that the highest therapeutic index in the treatment 
of T. rhodesiense infections was obtained by subcutaneous 
diamidino monomethyl stilbene. In the case of T. congo- 

tofections Ihe value was highest 
mmimum effective dose 

for the phenanthridinium compound subcutaneously. The 

♦ maximum tolerated dose , u a u 
highest — ; — ratio was shared by sub- 
mnumum curative dose 

cutaneous phenanthridinium compound and subcutaneous 
diamidino dimethyl stilbene. 
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ADMINISTRATION OF NON-STEROID SUBSTANCES 
BY THE IMPLANTATION TECHNIQUE 
by A. S. Parkes, Journal of Endocrinology, 3, 220-233, 
August 1942 

The technique of administration of steroid hormones by im- 
plantation of compressed tablets of pure crystalline material 
was first devised by Deanesly & Parkes (1937). Complete 
absorption is slow, since steroid substances have a low 
solubility in body fluids. The present paper from the National 
Institute for Medical Research reports attempts to adapt the 
implantation technique to substances such as adrenaline, 
insulin and gonadotrophins which are easily soluble in body 
fluids and to thyroxine which is very poorly soluble. As 
compressed tablets of highly water-soluble substances were 
rapidly dissolved, a search had to be made for a suitable ex- 
cipient. The following substances were rejected: stearic 
acid, palmitic acid, uric acid, starch, kaolin, lumisterol, 
ergosterol and sitosterol. Observations made in mofter 
investigation had suggested that sulphonamide derivative 
might be useful excipients, and it was found that sulpham- 
amide was absorbed very rapidly, sulphapyridine and sulpha- 
thiazole more slowly, and benzyl sulphanilamide very slowy. 
Cholesterol was the other excipient found most useful for 
delaying the absorption of water-soluble substances, although 
its mode of action is not obvious. 

In tests carried out with the highly water-soluble substanre 
dextrose by implantation into rats and rabbits, complete 
absorption was delayed for weeks by incorporating 
dextrose in 100 mg. tablets containing 90 % cholesterol. ^ 
dextrose is absorbed within a few hours after transplan a 
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Benz>’I sulphanilamidc was found to lias-c little effect in re- 
tarding the absorption of dextrose. Adrenaline in high con- 
centration was usually fatal, but tablets containing 15% 
adrenaline and 85 % cholesterol lost between one-quarter and 
one-third of their adrenaline in 28 days. 

It has been shown (Parkes & Young, 1939) that insulin is 
absorbed almost as quickly by implantation in tablet form 
as by subcutaneous injection in solution. In the present 
paper no observations are reported on metabolism after im- 
plantation of insulin, except as to whether the treatment was 
lethal. Low-zine insulin and crystalline insulin in concen- 
trations of 5 to 25% in 100 mg. tablets with cholesterol as 
excipient were usually fatal. Female rats were less sensitive 
than male rats. Only some 2-3 mg. of insulin were absorbed 
in the course of a month in animals which surx’ivcd. The 
author concludes that the implantation technique is more 
effective than a simple injection in the case of crj’stallinc 
insulin. 

Chorionic gonadotrophin (10%) was absorbed rapidly 
from 100 mg. tablets with cholesterol as excipient. Much 
had been absorbed within 1 day and all within 6 days. Pitui- 
tary gonadotrophins were similarly absorbed rapidly. Ex- 
periments with a sheep pituitao’ extract, however, showed 
that the effectiveness of the extract was greatly increased when 
it was absorbed from a tablet, as against the increase in 
osarian weight produced by daily subcutaneous injection. 
ThjTo.xine was not absorbed in weighablc amounts from 
tablets implanted for many months, and no satisfactory c.x- 
• cipient has yet been found to expedite absorption. The 
author considers that the implantation technique might be 
convenient when chronic administration of substances such 
as adrenaline is required. 
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deposition of PROTEIN NUTERIAL IN IM- 
PLANTED PELLETS OF STEROID HORMONES 
by R. Deanesly & A. S. Parkes, Lancet, 2, 500-502, 23/10/43 

FoUey (1942a) described an interstitial deposit of protein 
inatter in tablets of diethyl-stilboestrol which had been im- 
heifers. He suggested (1942b) 
a thp interstitial deposit would progressively retard 
implant. Shimkin & White (1941) intro- 
uc^ f^ed blocks of compounds for implantation. These 
a T ^ m contrast to compressed tablets, have no interstices 
should therefore offer less opportunity for deposition 

of protem matter. 

report experiments at the National Institute 
f tr in which a comparison was made of 

test *^mpressed tablets and fused blocks of oestradfol. 
All and desoxycorticosterone acetate, 

fsn rr, blocks were of approximately the same weight 

S.) and shape, and they were implanted in rats. 

^ deposition of protein both in tablets and fused 
after J,® in the latter, the protein body left behind 

wher^ was thin-walled and apparently hollow, 

fFirn, I. ™ ^be tablets the deposit extended 

throughout Its substance. 

-I ®^_®mination revealed no evidence of the in- 

anoear T* tissue in the protein meshwork, nor did there 
dennsit ° a histological connection between the protein 
the im coimective-tissue capsule which surrounded 

nrntp; ■ "inhere was no evidence that the interstitial 
uiem aeposit retarded absorption of the implanted material. 
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acriflavinc for use in wounds during the 1914-18 war. This 
compound enjoyed wide popularity at first because it acted 
in the presence of scrum and was apparently not toxic to 
leucocytes ; but later work showed that the concentrations 
used in wounds were less innocuous than was first supposed. 
Moreover, much of the solution applied to wounds was 
removed by fixation on the gauze dressings. For these and 
other reasons its use became restricted. Interest in the 
acridine scries was revived at the beginning of the present 
war, and Russell & Falconer (1940) showed that proflavine 
(2: S-diamino-acridinc) was less harmful to the tissues than 
acriflavinc ; as an 0-1 % solution in isotonic saline buffered 
to pH 6-2 it could be applied to the exposed surface of the 
cerebrum of rabbits without causing any appreciable damage. 
The same authors have now shown in the present paper that 
.similar solutions of two other derivatives — 5-mono-amino- 
acridinc hydrochloride and 2 : 7-diamino-acridine mono- 
hydrochloridc — may be employed in a similar maimer without 
harm to the cerebrum. Their technique involved the removal 
of a triangular area of the skull about 2x1-5 cm. over the 
cerebrum and the application for 10 minutes of a pledget of 
“ lintine ” soaked in the acridine solution, after reflection of 
the dura and scarification of the exposed leptomeninges in 
three or four places. At the same time 0- 1 cm.^ of the solu- 
tion was injected into the cerebral cortex. The animals were 
killed after 1, 2, 4 and 8 days respectively, and the brain svas 
examined by the usual histological methods. After this 
procedure the brain appeared macroscopically normal apart 
from triv-ial’ haimorrhages. Microscopically, there were 
slight haimorrhages and infiltration of polymorphonuclear 
leucocytes in the leptomeninges, and the neurones of the 
superficial cortical tissue were frequently shrunken and 
hyperchromatic. Fibroblastic proliferation was in progress 
by the 4th day and was conspicuous by the 8th day. But 
altogether the lesions were limited in eident and they were not 
much greater than those caused by isotonic satoe applied 
in the same manner. Other members of the aenmne senK 
such as acriflavinc and euflavine, however, were lughly toxic 
and damaging. From these experiments Russell & Falconer 
conclude that solutions (0-1%) of proflavme 

2: 7-diamino-acridine, and 5 -amino-acndme hydrochloride, 

made up in isotonic saline and buffered to pH 6-2 are smtable 
for the prophylactic treatment of womds, smee the damage 
which they may cause is small compared with the benefit of 
avoiding bacterial infection. 

Another method of using proflavine has recently bee 
described by Mitchell & Buttle (1942) ^ P ’ 

They were dealing with suppurating wounds, fot seen about 
5 to 12 days after infliction : most of the wounds were heawly 
fnfected, and some had resisted other ^^ms of tr«^^^ 
These workers cleaned the wounds surgically pd then inerted 
proflavine sulphate, as powder, in quantities from 0 5 
2-0 E. In all but 6 of their 80 cases great impro'ement 
followed this treatment. The Present 

imitated this method expenmentally by applj^g 0 0 S 

oT Ihe powdeTto the brains of rabbits as desenbed abov^ 
Proflavine 2 ' 7 -diamino-acridine, and 5 -aimno-acndine \ 
S In all cases complete necrosis of the underljing bram 
was caused, xvith redema and b^m^^^age o^he^ore ^ 
portions. Similar results were by Hawtog 

who inserted 1° "ig. of varioi^ aendme de^^^ 

into subcutaneous tot although pro- 
flavine powder may have a f 

chronic suppuratmg wounds, ^ damage, 

lactically to fresh wounds, since it causes 


king, F. (1943) Lancet, 1, 710 
, script abstract a'-mVnWe ^ 
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■'^^fSEPTICS : Further Experiments on their 

^D. S. RusmU & M. A. Falconer, Lancet, 1, 580-581, 8/5/43 

acridine compounds was first 
oy B'-owning and his colleagues who introduced 
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of powdered proflavine sulphate to experimental wounds 
in subcutaneous tissue is followed by necrosis. Rats were 
used as test animals, and 10 mg. of the powder was inserted 
into pockets formed by lifting up the 3-4 cm." of skin around 
the incision, which was then loosely sutured. The rats 
were killed at intervals of 2-20 days after operation and the 
site was examined histologically. Proflavine hydrochloride, 
proflavine salicylate, proflavine p-hydroxy phenyl sulphonatc, 
proflavine hydroiodide, neutral proflavine sulphate, proflavine 
base, and 5-aminoacridine hydrochloride were tested and 
14 untreated wounds were observed as controls. 

Control wounds healed completely in 10 days. Treated 
wounds showed great effusion of fluid in the connective 
tissue planes, and necrosis of skin, subcutaneous tissue, and 
underlying muscle. No convincing variation in toxicity of 
the different compounds was seen. 

The author concludes that acridine antiseptics should not 
be applied in powder form to fresh wounds. This conclusion 
does not affect the use of such powders in chronic suppurating 
wounds, as reported by Mitchell & Buttle (1942). 
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fflSTOLOGICAL EFFECTS OF SULPHONAMmE-PRO- 
FLAVINE MIXTURES IN THE RABBIT ; Some Experi- 
mental Observations 

by D. S. Russell & D. J. K. Beck, British Medical Journal, 1, 
112-113, 22/1/44 

It has been shown (Russell & Falponer, 1943 ; Hawking, 
1943) that acridine powders have a highly destructive effect 
upon the tissues. The present paper, from the Nuffield 
Department of Surgery, Oxford, reports the histological 
effects of the local application of proflavine powder diluted 
with sulphathiazole powder. About 0-25 g. of a powder 
composed of 1 part of proflavine sulphate to 99 parts of 
sulphathiazole was inserted in the wounds made in the leg 
muscles of rabbits. In the opposite legs sulphathiazole 
alone was inserted. The animals were killed at different 
intervals after the operation and the tissues were examined. 
Macroscopically, the surrounding tissues of wounds con- 
taining pure sulphathiazole showed slight oedema with traces 
of hcemorrhage, but the mixed powder caused severe oedema, 
discolouration and petechial haemorrhages. Microscopically, 
the changes caused by sulphathiazole alone were not sig- 
nificant, but in wounds into which the mixed powder had 
been inserted there was persistent local oedema with hjemor- 


rhagic necrosis in the dermis, the panniculus camosus and 
the subjacent muscle and its fascia. ’ 

In similar experiments on the central nervous system, sul- 
phapyridine was used instead of sulphathiazole because of 
the known epileptogenic properties of the latter (Watt & 
Alexander, 1942). In a few animals sulphadiazine was used. 
Craniotomy was performed on 28 rabbits and proflavine and 
sulphonamide powder in varying proportions was applied. 
There was a lack of uniformity, which the authors find 
difficult to explain, in the histological reactions. It was clear, 
however, that the severity of the reaction was proportional 
to the concentration of proflavine in the mixture. 

These results confirmed previous reports on the harmless- 
ness of sulphathiazole powder to the. tissues. Considerable 
damage to muscle and connective tissue is caused by the 
addition of 1 % proflavine sulphate to the powder. Experi- 
ments on the rabbit’s brain indicate a similar damaging effect 
of proflavine on nerve tissue, although results are not so 
conclusive. 
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INTRAMUSCUL,JR INJECTION OF MEPACRINE 
(ATEBRIN) : Histological Effect 

by F. Hawking, British Medical Journal, 2, 198-199, 14/8/43 

Previous writers have stated that intramuscularly injected 
mepacrine (atebrin) causes no local reaction in most cases, 
pain and swelling in some, and occasionally local abscesses. 
No histological observations on this subject appear to have 
been published previously. The experiments reported in 
the present paper from the National Institute for Medical 
Research were made on rabbits weighing 1 • 5 to 2 kg. Mepa- 
crine methanesulphonate (atebrin musonate), 50 mg. in 
0-5 cm.® distilled water, was injected intramuscularly and 
subcutaneously, and the animals were killed at varying 
intervals for histological examination. Some experiments 
were also made in rats. 

Macroscopic evidence of injury was usually slight, but 
microscopical examination always showed some necrosis at 
the site of injection. Similar experiments were made with 
quinine monohydrochloride. The damage caused by mepa- 
crine was similar to, but rather less than, that followng 
quinine. It was not so extensive as to be a contra-indication 
to parenteral administration, but sufficient to indicate that 
this route should not be chosen wthout due consideration. 
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THE MEDICAL USE OF SULPHONAMIDES 
Medical Research Council War Memorandum No. 10. 
London, H.M. Stationery Office, 1943. 46 pages. 9d. [£0.04] 

This authoritative and exceptionally useful Memorandum was 
orenared for the Therapeutic Requirements Committee of the 
Medical Research Council. It is hardly an exaggeration to say 
that it contains all that it is necessary for the physician or surgeon 
to know about the sulphonamides. 

In the chapter on Chemistry the synonyms, structural formulte, 
chemical descriptions, and essential physical properties of nine 
pri^ipal sulphonamide drugs are given. The section on Pharma- 
cology deals with the mechanism of sulphonamide bactenostasis, 
the development of sulphonamide-resistance, and the conditions 
of absorption and excretion by the body. In 
orincioles of optimal dosage are expounded, and the differences in 
Se schemes for (0 acute, (ii) sub-acute and chronic, and 


(iii) urinary infections, are indicated. There is a useful table of 
dosages for (o) severe and (6) moderate infeetjons at different 
ages. Examples are given of dosages employed in sulphonamide 
prophylaxis. There are brief sections on the various routes ol 
administration and on the regulation of dosage by detemunauon 
of the sulphonamide content of the blood. There follows a long 
section in which the treatment of specific infections is discussed 
in some detail as follows : (i) Haemolytic streptococcal infections , 
(ii) Non-ha;molytic streptococcal infections ; (iii) MemngoMccai 
infections : (iv) Other forms of purulent meningitis ; (v) pneu- 
monia : (vi) Staphylococcal infections ; (vii) Peritonitis ; (vui) 
Urinary tract infections ; (ix) Venereal diseases ; (x) Woimds , 
(xi) Gas gangrene ; (xii) Bums ; (xiii) Intestinal infections. Ihcre 
are short notes on sixteen other diseases, m most of wnicn 
sulphonamide treatment does not rest on as sound a foundation. 

The last section is devoted to a very adequate discussmn 
toxic reactions to sulphonamide This includes a table of toxic 
effects of sulphamlamide, sulphapyridine, sulphathi^ole ano 
Shadiazine, which has been adapted from Circular Letter 
No. 17, issued by the Surgeon General, Washington. 
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There are two Appendices. The first summarises the Bratton & 
Marshall and the p^imethylaminobenzaldehyde methods for the 
determination of sulphonamide-concentration in body fluids, while 
the second is devoted to recent recommendations on the sterilisation 
of sulphanilamide powder. 


344/10 

PATHOLOGICAL HISTOLOGY 

by R. F. Ogilvie. 2nd edition. Edinburgh, E. & S. Living- 
stone, 1943. 411 pages ; 235 coloured plates. £1 12s. 6d. 
[£1.625] 

This book is intended as a companion to larger textbooks and 
for use in practical pathology. Its principal feature is the series 
of beautifully reproduced photomicrographs in colour. New 
matter and more coloured plates have been added to the new 
edition ; many sections of the existing text have been revised. 
There are few conditions met with in the practical histology class 
which are not represented in the book. The first edition was by 
some authorities considered the most outstanding textbook of 
morbid anatomy in the English language. 


344/11 

DISEASES OF INFANCY AND CHILDHOOD 

by W. Sheldon. 4th edition. London, J. & A. Churchill, 
1943. 748 pages ; 144 illustrations. £1 8s. [£1.4] 

This book has become a standard text on pjediatrics, and the new 
edition shows evidence of careful revision. Advances in general 
medicine applicable to diseases of children are incorporated. This 
applies particularly to the sections on prematurity and diseases of 
the newborn. War-time measures regarding milk, vitamins, etc. 
are dealt with, and there are appendices on the sulphonamides and 
on the proprietary forms of vitamins at present available. In 
conformity with their usual standards, the publishers have, despite 
war-time difficulties, produced a book of the highest quality, 
equipped with good illustrations and index. It should of value 
both to the clinical student and the general practitioner. 


344/12 

DISEASES OF THE NERVOUS SYSTEM 

by F. M. R. Walshe. 3rd edition. Edinburgh, E. & S. 
Livingstone, 1943. 350 pages ; 46 illustrations. 15s. [£0.75] 

An introduction to clinical neurology, for practitioners and 
students. It is a concise but comprehensive account of the 
commoner diseases of the nervous system, both organic and 
functional. The book first ap/reared in 1940, and received 
general approval. The third edition has been revised, and both 
text and illustrations have been augmented. A new section on 
pituitary neoplasms has been added, the chapter on injuries of the 
brain has been recast and expanded, and a short description of 
the pituitary-hypothalamus complex, with diagram, has been 
appended to the chapter dealing with anatomical or localising 
factors in diagnosis. 

344/13 

THE NATURAL DEVELOPMENT OF THE CHILD : 
A Guide for Parents, Teachers, Students, and others 

by A. H. Bowley. 2nd edition. Edinburgh, E. & S. Living- 
stone, 1943. 184 pages ; 84 illustrations. 8s. 6d. [£0.425] 

A brief account of the normal growth and development of the 
child from infancy to adolescence, with particular reference to 
emotional factors. It is written primarily for the student training 
to be a teacher, but it should also be of the utmost interest and 
value to parents, physidans, and all who, in various capadties, 
are concerned with the intellectual, emotional and physical 
welfare of the child. Valuable suggestions for further reading 
are included. 


344/14 

ILLUSTRATIONS OF REGIONAL ANATOm' 
by E. B. Jamieson. 5th edition. 7 parts. Edinburgh, E. & 
S. Livingstone, 1944. 319 plates. £3. 

This work consists of 319 anatomical plates, well produced in 
colour and bound in loose-leaf form. The whole production, 
which is of a high standard, is comprised in seven independent 
sections ; central nervous system, head and neck, aMomen, 
pelvis, thorax, upper limb, lower limb. The work may also be 
obtained in a single bound volume. 


344/15 

THE QUEEN CHARLOTTE’S TEXT-BOOK OF 
OBSTETRICS 

by Members of the Clinical Staff of the Hospital. 6th edition. 
London, J. & A. Churchill, 1943. 577 pages ; 294 illustra- 
tions. £1 Ss. [£1.25] 

Queen Charlotte’s Maternity Hospital, the oldest maternity 
hospital in the British Isles, was founded in 1739. To-day it is the 
foremost hospital of its kind in Britain, and is an important centre 
for the training of obstetricians andmidwives. This book, therefore, 
is written by a number of contributors whose experience is second 
to none. It sets forth the views held and the methods practised 
by those connected with the hospital. Since the first edition in 
1927 the book has established itself as an important text for 
students of obstetrics. The latest edition has been carefully 
revised to include the most recent information on the subject, and 
has benefited by the addition of a small section on post-natal care. 

344/16 

SURGICAL NURSING AND AFTER-TREATMENT 
by H. C. Rutberford Darling. 8th edition. London, J. & 
A. Churchill, 1944. 686 pages ; 210 illnstrations. 12s. 6d. 
[£0.625] 

As its title suggests, this book deals only with surgical nursing, 
but it may also be read with profit by the medical student during 
his time in the surgical wards. It includes a short account of the 
principles of pathology and bacteriolo^. A great deal of in- 
dispensable information is compressed into this relatively small 
book, which is well produced in spite of war conditions. It will 
serve as both textbook and reference book, and there is no doubt 
that this edition will prove as popular as its predecessors. 

344/17 

THE RADIOLOGY OF BONES AND JOINTS 
by J. F. Brailsford. 3rd edition. London, J. & A. Churchill, 
1944. 440 pages ; 404 illustrations. £2 5s. [£2.25] 

The objects of this book are to provide a concise account of the 
bone changes seen in health and disease, to indicate the significance 
of the radiographic findings, and to present the recent advances 
which are recognised in radiological departments and journals 
but have not yet become incorporated in general textbooks. 
Illustrations of the commoner conditions are given, and an extensive 
bibliography is appended for the benefit of the reader who wishes 
to obtain special details and illustrations of any particular subject. 
Particular attention is paid to bone and joint changes resulting 
from trauma, the osseous dystrophies, tuberculosis, syphilis and 
neoplasm ; their interrelationship is a factor important to those 
concerned with rehabilitation. Consideration is given both to 
pathology and treatment of certain conditions of bones and joints, 
for, as the author points out, in some cases the treatment is indi- 
cated by the radiographic appearances, while in others the latter 
are changed as the result of treatment. 

The radiographs have been carefully selected and their repro- 
duction reaches the high standard one would expect to associate 
with an author of such standing among radiologists in Britain. 

344/18 

A SHORT PRACTICE OF SURGERY 
by H. Bailey & R. J. McN. Love. 6th edition. London, 
H. K. Lewis, 1943. 1034 pages ; 922 iUustrations. £1 I6s. 
[£L8] 

The authors of this book have long enjoyed a reputation for pre- 
senting their subject in an easily readable manner. The work 
itself is a general survey of surgery, particularly suitable for the 
senior student and the general practitioner. The new edition has 
bwn thoroughly revised ; the book has always been notable for 
its illustrations and in this edition these have been enriched with 
over 40 additions, many in colour. Three new chapters deal with 
“ Teeth and Gums,” “ Surgery of Parathyroid, ThvTOUs, Adrenal 
Glands,” “ Urinary Symptoms, Genito-Urinary Investigations and 
Anuria.” While this book cannot replace the larger and more 
detailed textbooks, its great virtue is that it presents the essentials 
of surgery in an attractive and easily assimilable form. It is one 
of the few books on general surgery that can be read from beginning 
to end by the student or practitioner. 

344/19 

ORTHOPEDIC SLTRGERY 

by W. Mercer. 3rd edition. London, E. .Arnold <S. Co.. 
1943. 960 pages ; 415 illustrations. £2 5s. [£2J25] 

.A comprehensive survev of each branch of orthcpcedic surgery, 
including the latest work. The technique of operations is given 
in suflicfenl detail to e.nable the young surgeon to perform them 
with confidence. The book was first published tn 1932 and in 
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(his third edition (he author, who has had many years of practical 
experience in the subject, has taken the opportunity of incor- 
porating new ideas, both from his personal experience and from 
the literature. Every chapter has been revised, and among the 
sections which have been re-written are those on circulatory 
disturbances, affections of the back, knee, shoulder and foot, and 
infections of the hand. A comprehensive bibliography is provided 
for further reading, and there is a full index. 
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MEDICAL BACTERIOLOGY 

by L. E. H. Whitby. 4th edition. London, J. & A. Churchill, 
1944. 342 pages ; 81 illustrations. 14s. [£0.7] 

This book approaches the subject of bacteriology from the 
aspect most suitable to the medical student and the general prac- 
titioner who require only a knowledge of the essentials of the 
subject and their application to practical medicine. The book is, 
for this purpose, divided into two parts, “ descriptive ” and 
“ applied,” and the more common helminthic infections arc also 
descried. The subjects dealt with include the classification, 
variability, cultivation and staining of bacteria, theories of im- 
munity, serological reactions, and details of the more common 
bacterial infections. This new edition has been augmented by the 
addition of a chapter on chemotherapy, whilst the sections dealing 
with the typhoid-coli group, diphtheria, gas-gangrene, filter- 
passing viruses and water analysis have been brought up to date. 


344/21 

A PRACTICE OF ORTHOPEDIC SURGERY 
by T. P. McMurray, 2nd edition, reprinted, London, 
Edward Arnold, 1944, 435 pages ; 191 illustrations. £1 10s. 
[£1.5] 

A description of the basic principles of orthopaedic surgery, 
particularly useful to the younger surgeon and the final-year 
student. Much of the original text has been rewritten and some 
lew illustrations have been added. 

The subject-matter is clearly set out and, with the illustrations, 
brms an excellent treatise on the subject. The author has had 
vide experience in this field and is careful to avoid too much 
ietail and theory, which might confuse the reader. He has 
bllowed a systematic plan and includes differential diagnosis of 
he various conditions described. The types of treatment con- 
iidered are those which in the author’s experience have given the 
nost consistently satisfactory results. The subject of fractures is 
visely omitted, as being worthy of consideration in a separate 
ralume, rather than as part of a book on orthopredics. The book 
s very well illustrated. 


144/22 

DEMONSTRATIONS OF PHYSICAL SIGNS IN 
CLINICAL SURGERY 

by Hamilton Bailey. 9th edition. Bristol, John Wright & 
Sons, 1944. 351 pages ; 492 illustrations. £1 5s. [£1.25] 

The author writes in his preface : ‘‘ as physical signs may be 
likened to the laws of the Medes and Persians, it is not possible 
to state that a new edition of a book on this subject has been 
brought up to date.” Nevertheless, this new edition of one of 
the most successful books on surgical diagnosis has been con- 
siderably revised as far as the illustrations are concerned. These 
have been of a high standard in previous editions and to improve 
upon them in this latest revision is proof of the author’s ingenuity. 
Many are in colour and all succeed in their purpose of demon- 
strating the methods of physical examination and of eliciting the 
various signs diagnostic of disease. 

The book has reached its ninth edition in 14 years and trans- 
lations into several European languages have been published or are 
in preparation. Certain sections of the work have been revised ; 
the interesting historical footnotes to most pages are retained. 
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VADE MECUM OF MEDICAL TREATMENT 


by W. G. Sears, 
1943. 388 pages. 


4th edition. London, Edward Arnold 
10s. 6d. [£0.525] 


A brief account of the essentials of treatment of diseases likely 
to be encountered in general practice is given" in this book, which 
has, in earlier editions, already proved itself a useful guide for the 
senior student and the practitioner. The diseases are arranged 
alphabetically for quick reference, and the size of the book enables 
it to be carried in the pocket. It includes tables of doses, weights 
and measures and their conversion from and into the metric 
system, calorie values of foodstuffs, vitamin contents of foods, etc. 


344/24 

A HANDBOOK OF OPHTHALMOLOGY 
by H. Neame & F. A, Williamson-Noble. 5th edition. London, 
J. & A. Churchill, 1944. 333 pages ; 235 illustrations. 
18s. [£0.9] 

This book is intended for medical students and general prac- 
titioners, and therefore is devoted mainly to a consideration of 
those djseases of the eye which are, commonly met with in hospital 
out-patient practice. Brief descriptions of the less common con- 
ditions are given, and some space is devoted to an account of the 
usual methods of examination of the eye. In this new edition 
the section on inflammations of the conjunctiva has been largely 
re-written to incorporate details of the results of recent work on 
trachoma and the benefits obtainable by the wider use of the 
sulphonamidcs. The sulphonamides have fuller consideration in 
the chapter on Therapeutics. The relation of vitamins to 
ophthalmology is discussed at greater length than previously, 
and many other sections of the book have been revised and aug- 
mented. The illustrations arc a notable feature of the book; 
those in colour arc particularly well reproduced. 
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THE DIABETIC LIFE : 

Its control by diet and insuUn 

by R. D. Lawence. 13th edition. London, J. & A. Churchill, 
1944. 251 pages ; 18 illustrations. 10s. fid. [£0.525] 

New editions of “ The Diabetic Life ” appear with such frequency 
that it has come to be regarded almost as an annual publication. 
Translations into French, Spanish, Dutch and Italian demonstrate 
still further the wide popularity of this book. Its main object is 
to be a practical guide in the treatment of diabetes, and this object 
it fulfils extremely well. As the author points out, the constant 
revision of a book tends to make it uneven ; in this new edition 
he has therefore taken the opportunity of rewriting the text. The 
special difficulties of diabetics during wartime are provided for by 
a war-time supplement. This edition, like its predecessors, should 
prove invaluable not only to the doctor but also to the diabetic, 
whose intelligent co-operation is necessary for the best results. 


Corrigendum 

FRACTURES AND JOINT INJURIES 
by R. Watson-Jones. 3rd edition. 2 vols. Edinburgh, 
E. & S, Livingstone, 1943. 960 pages ; 1353 illustrations. 
£3 15s. [£3.75] 

In BMB 290/7 the number of illustrations in this work was 
incorrectly given as 745 ; the correct number is now stated above. 
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GUIDE TO THE JOURNALS 


British Journal of Dermatology and Syphilis 
56 : February 1944 

Textile dermatitis; (J. H. T. Davies & A. N. Barker) 33-43 

British Journal of Ophthalmology 
28 : January 1944 

Two case^f L?H. &T S^by )" -?4 

Et^AniS.corni^ tUcera. 

A^fnj^W^u^"A%thogoomonie sign in disseminated sclerosis. (W. 
Harris) 40-42 


28 : February 1944 

Hereditary comeal d>'Strophy. (J. R. Mutch) 40-S6 

The value of ophthalmic treatment in the field. (G. C. Dansey-Brownios) 

87-97 

28 : March 1944 

'K^ar surgery of the eye. An analj-sis of 102 cases of intra-ocular foreign bodies. 

Orbit;^c^di^^*a^ba^y caused by acute osteomyelitis of the marilla. B. A. 
Magnus) 735-738 

^Se mWrisi^n m?ng 7 oId?i?s; dark adaptation results and their use 
in diagnosis, (I. C. Michaelson) I 4 ^i 47 
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British Journal of Radiology 
17 : March 1944 

The eye and radiology : Symposimn. (J. F, Bromley, W. D. Wright & G. 
Spider) 65-69 

PneumorOntgenography of the knee jomt. (P. P. HauclO 70-74 
The production of isodose curves and the calculation of energy absorption from 
standard depth dose data. (W. J. Meredith & G. J. Neary) 75-82 
Venography in primary axillary vein thrombosis : Case report. (E, Samuel) 83-85 
Some condenser ionization chambers for the measurement of x*ray dose. 
(C. W. Wilson) 86-89 

The txse of wedge filters in deep x-ray therapy. Ellis & H. Miller) 9^-94 
]^ne degeneration in the temporo-mandibular joint : Case report. (J, W. 
McLaren) 94-95 

Medical uses of radium : Summary of reports from experimental research 
centres for 1942. 96-100 


British Journal of Tuberculosis 
38 : January 1944 

Tumours of the diaphragm : with report of a diaphragmatic cj’st. (K. Robson 
& L, CoUis) 5-6 

Cardiac arrhj'thxma in bronchial carcinoma. (J. £. G. Pearson) 6-9 
TTie management of pleurisy and pleural effusion cases. (F. R. G. Heaf & 
C. Hillingworth) 10-13 

The clinicil aspects of pulmonary tuberculosis in a community of aments. 
(J- F. MacMahon) 14-24 

The life and discoveries of Rcnfc Laennec. (C. Hoyle) 24-35 


British Journal of Venereal Diseases 
20 : March 1944 

Drug resistance in gonorrheea with special reference to stiology and treatment. 
(A. H. Harkness) 2-18 

Is a new deal in the control of venereal disease necessary ? — I. (I, N. O. Price) 
19-21 

Is a new deal in the control of venereal disease necessary ? — II. (J* A. Burgess) 
21-30 

Sulphamezathine in gonorrhoea in the male : a report on fifty cases of gono- 
coccal urethritis. (A. G. Johnson) 31-33 

Acute encephalopathy during neoarsphenamine treatment : a repo r t on six 
cases. (W. A. Young & S. Gordon; 34-36 

Malarial tr e atm ent in the earlier stages of netmjsyphilis. (F. G. Lescher & 
H. R. M. Richards) 37-;4X 

Extensive tertiary syphihtic ulceration. (V. E. Lloyd) 42-44 


British Medical Jonmal 
1 : 19/2/44 

Some observations on hospital dust : with special reference to light as a hygienic 
safeguard. (L. P. Garrod) 245-247 

A note on the tranfmissibility of hemolytic streptococcal infection by flies. 

(R. A. Shooter & P. M, Waterworth) 247-248 
The Haldane hsmoglobinometcr. I. Iron, oxygen, and the British Standards 
Institution colour standard. (R. G. MacFarlanc, J. R- P. O'Brien, et aJ.) 
248-250 

The haono^obin eqiuvaleat of the B.S.I. Haldane standard. (E. J. IGng, 
M. Gilchrist & A. Matheson) 250-252 
Cadmium poisoning. (P. Ross) 252-25^ 

Dw blood test for typhus fever : preHminary report. (P. N. Bardhan, N. 
Tyagi & K. Boutros) 253-254 


Edinbnrgli Medical Journal 
51 ; February 1944 

Koilonychia and polycythemia vera. (A, J. Glazebrook) 65-69 
Symptomatic hemolytic anemia : a report of four cases. (L. J. Davis) 70-83 
Liver function in health and disease. (O. A. Trowell) 84 100 
Tubercle bacilluria in the child. (W. T. Munro) 101-106 


Journal of Mental Science 
90 ; January 1944 

Special Number : Recent Progress in Psychiatry 

Introduction. (G. W. T. H. Fleming) 1-2 

Mental Health Services— present and future. (A. A. W. Petrie) 3-16 
Genetics in psychiatry, (E. T. O. Slater) 17-35 
The anatomy of the nervotis system. (W. E. Le Gros Clark) 36-53 
Physiological ps\*chology. (F. L, Golla) 54-63 
Electro-encephalography. (W. G. Walter) ^-73 
Biochemist^ of the nervous system. (D. Richter) 74-94 
Vitamin deficiency and the psychoses. (W. A. Caldwell & S, W, Hardwici) 
95-X08 

Ncuro-cadocrine relationship. (M. Reiss) 109-126 
Mental testing. (M. B, Brody) 127-15X 
Psychopathology. (S, M. Coleman) 152-192 
Neuropathology. (A. Meyer) 193—230 
Schizophrenia. (W. Mayer-Gross & N. P. Moore) 231-255 
Depression. (A. Lewis) 256-265 

Psychopathic personality. (D. Curran & P. Mallinson) 266-286 
The psychoneuroses. (W. H. Gillespie) 287-306 
Psychotherapy. (H. Cnghton-Miller & G. H. NicoUe) 307-3x5 
Arteriosclerotic, senile and presenile psychoses. (W. Xlayer-Gross) 316-327 
Psychiatric aspects of head injury. (E. Gutimann) 328-350 
Neurosjphilis and its treatment. (W, D. Nicol & E. L. Hutton) 351-364 
Child psj'chiatry. (E. M. Creak & B. J. Shorting) 365-381 
Delinquency and crime. (W, N. East) 382-398 
Mental defect. (L. S. Penrose) 399-409 

Endocrinology in rliniml psychiatry. (R. E. Hemphill) 410-434 
Convulsion therapy. (I.. C. Cook) 435-464 
Tn^uiin therapy. (T. Tennent) 465-485 
Prefontal Icucotomy, (G. W. T. H. Fleming) 486-500 
Legal aspects of ps>xhiatry. (P. K. McCowan) 501-509 


Journal of Obstetrics and Gynecology of the British Empire 


51 : February 1944 


The incidence of hamolytic disease of the fatus (erythroblastosis fcetalis) in 
different families : The value of serological tests in diagnosis and prognosis. 
(K. E. Boorman, B. E. Dodd & P. L. Mollison) 1-23 
A unique constructive operation. (V. Bonney & A. H. Meindoe) 24-29 
The placenta in eclampsia and nephritic toxamia. (N, M. Falkiner & J, O. E. 

causes ofintiaperitoncal bleeding giving rise to collapse. (W. F, T. 
Haultain) 38—41 

Pregnancy associated with congenital cystic disease of the lung. Q. P. Maxwell) 


A case of retroperitoneal pelvic ganglioneuroma. (S. G. Clayton) 44-48 
Epidemic encephalitis and pregnancy. (A. J, Hall) 49^50 , . — 

Endocrine therapy in gynacology and obstetrics ; Cnncal review. (P. M. F. 
Bishop) 51-^3 


1 : 26/2/44 

Fating in blood donors ; Report to the Mescal Research Council prepared 
by a Snb-comimttee of the Blood Transfusion Research Committee, 279-283 
Pulmonary tuberculosis of bovine origin : with notes on bovine infection in 
three families. (L. J. Cutbill & A, Lynn) 283-285 
Patch-testing in an East Coast town. (E. J. Simpson) 286-287 
Sulphaguanidine in the treatment of Flexner dysentery. (H. G. Smith) 287- 
288 

Haanolytic^ disease of the newborn : The preponderance of homozygous 
Rh-positive fathers. (G. L. Taylor & R. R, Race) 288-289 

1 : 4/3/44 

Cranial-nerve palsies with herpes following general anarsthesia. (J. H. Humphrey 
& M, McClelland) 3x5-318 

Hazards in the use 01 the closed-circuit technique for trilene ansesthesia. (S. 
Carden) 319-320 

Intelligence and season of conception. (J. A. F, Roberts) 320-322 
Baoll^ dysentery in Dundee : A comparative study of treatments. (W. M. 

Jameson, J. Brodie & D. Stiven) 322-324 
Meningococcal jaundice. (C. Craii^rd) 325 

1 : 11/3/44 

Toxic effects in women exposed to industrial rubber solutions. (J, L, Hamiltcai- 
Paterson & £. Browning) 349-352 

The sulphonamides in ophthalmia neonatorum. (A. Sorsby & E. Hoffs) 
^353-354 
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THE DEVELOPMENT OF MEDICAL STUDIES IN BRITAIN : D. THE GENETICAL 

ASPECT OF DISEASE 


JULIA BELL, M.A., F.R.C.P. 
Scientific Staff, Medical Research Council 


As long ago as 400 b.c. Hippocrates, writing on epilepsy, 
tells us : 

“ Its origin is hereditary, like that of other diseases. For if a 
phlegmatic be born of a phlegmatic and a bilious of a bilious and 
a phthisical of a phthisical and one having spleen disease of another 
‘'•’’"'"g disease of the spleen, what is to hinder it from happening 
vhere the father or mother were subject to the disease, certain 
5ir offspring should be so affected also ? ” 

y similar examples might be cited from early medical 
iture demonstrating the recognition of the hereditaiy 
:e of certain diseases by the exceptional men of the day. 
r readers for the most part appear to have turned a blind 
o the facts and concentrated their attention upon dealing 
the consequences, even as so many men and women of 
ountries, in their often short-sighted efforts at humani- 
m’sm, do to-day, 

liut again, there are always exceptional men who try to 
point the way. Thus Plato writes : 

“ The shepherd or herdsman, or breeder of horses, or the like, 
when he has received his animals will not begin to train them until 
he has first purified them in a manner which befits a community of 
animals ; he will divide the healthy and unhealthy, and the good 
breed and the bad breed, and will send away the unhealthy and 
badly bred to other herds, and tend the rest, reflecting that his 
labours will be vain and without effect either on the souls or bodies 
of those whom nature and ill-nurture have corrupted, and that 
they will involve in destruction the pure and healthy nature and 
being of every other animal if he neglect to purge them away. 
Now the case of other animals is not so important ; they are only 
worth mentioning for the sake of illustration, but what relates to 
man is of the highest importance and the legislator should make 
enquiries and indicate what is proper for each in the way of 
purification and of any other procedure.” 

More commonly, the attitude adopted in the face of heredi- 
tary defect has been that illustrated by Pierre Guillemeau in 
1585: 

“ . . . comme chose n6e avec la personae ne se pent amender, 
nestant besoin d’y mettre aucun remade.” 

Aristotle, too, has something to say : 

“ Of a certainty the germ cell is both originator and controller 
of this child from that parent ; these things lie in its nature and 
thus it must develop. Empedocles erred when he said that many 
of the characters of living forms arise through their environment 
during development. ... For man generates man and the special 
characters of the parent determine the same characters in the 
offspring.” 


Nineteenth Century : Mendel, Galton and Pearson 

We see, then, that the potency of heredity was reco^ised 
at a very early age, but little more was achieved until the 
nineteenth century, when the significance of pedigrees of 


disease began to be investigated and the varied mechanism 
of heredity to be considered. The sex-linked nature of htemo- 
philia and of colour-blindness was pointed out and the 
characteristic method of descent came to be described as 
Nasse’s Law (1820), Lossen’s Law (1877) or Horner’s Law 
(1876), after each of these authors had described their respec- 
tive observations. Later in the century was a period of great 
awakening. The discovery of Mendel’s work, with the enun- 
ciation of his laws, led to the birth of Mendelism and to 
experimental genetics, and Francis Galton arose to urge the 
need for the study and control of factors which impaired 
national efficiency, and to bring about the birth of the science 
of eugenics (a term which was originated by Galton). 

“ The world is beginning to awaken to the fact that the life of 
the individual is in some real sense a prolongation of those of his 
ancestry. His vigour, his character and his diseases are principally 
derived from theirs,” 

writes Francis Galton, and if he had forerunners — as e.g. 
Shakespeare : 

“ Let those whom Nature hath not made for store. 

Harsh, featureless and rude, barrenly perish ” — 

it was Francis Galton who first realised the urgent necessity 
for the collection of facts as a basis for the study of the 
potency of heredity, and envisaged the mathematical nature 
of the problems involved in their interpretation. Gabon’s 
main interests, though of wide scope, were focussed on the 
question of the preservation and development of those 
characters which make for racial fitness — in particular those 
of mental ability and physical fitness — rather than on any 
detailed study of the genetical aspects of disease. There can 
be little doubt, however, that his work provided the stimulus 
for the stream of work on human genetics which has gone 
steadily forward since his day. 

Possibly much that issued from the fertile brain of Francis 
Gabon would have aroused only temporary interest in a 
select group of scientists of his day, if the great ability and 
enthusiasm of Karl Pearson had not appeared in the field to 
develop methods of enquiry and point the way to the analysis 
of observations and to the facts which can and cannot be 
deduced from them. Francis Gabon founded the Galton 
Laboratory of Eugenics, attached to University College, 
London, and endowed the first Chair of Eugenics for the 
furthering of research in the subject. Karl Pearson, at 
Gabon’s special request, occupied this Chair during the years 
1911-33, combining with this new department his previously 
established Biometric Laboratory and his organisation for 
statistical research. R, A. Fisher succeeded Karl Pearson as 
Gabon Professor of Eugenics in 1933. 

Karl Pearson’s work was of such wide scope that it is im- 
possible to describe in any detail ev'en the small section Oi i. 
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which is concerned with the subject of this paper, but I think 
he would agree that his concern was primarily in the develop- 
ment of a statistical technique, and in the insistence on its 
apph'cation to all fields of science, including genetics. He 
ever urged the need for the accumulation of facts on an 
adequate scale as the basis of knowledge, and he designed 
T}ie Treasuo’ of Human Inheritance, the prime purpose of 
which should be to provide a collection of pedigrees upon 
which the geneticist could test out his theories. Fierce battles 
ensued between the experimental geneticists, who claimed to 
have demonstrated the validity of Mendelism, and Karl 
Pearson wth his followers, who would test their figures and 
retort that on the basis of probability their observations 
presented very heavy odds against the apph’cability of Mendel’s 
laws. 

On the one hand, Karl Pearson was something of a watch 
dog, always alert against the perpetuation of error through 
the then widespread lack of knowledge of statistical technique ; 
on the other hand, he worked ceaselessly to add to positive 
knowledge concerning the potency of heredity and the 
relative strengths of nature and nurture. He obtained a 
measure of heredity as evidenced by observations of such 
characters as physical measurements, standards of health and 
of ability in parents and offspring or in pairs of siblings. 
Environmental effects were determined by correlating a great 
variety of conditions — ^to mention one example only, the state 
of nutrition and mental capacity in school-children. His 
conclusions invariably show^ the greatly preponderant im- 
portance of heredity and the foUy of concentrating exclusively 
on the improvement of environment. 

Thus, commenting on the differential fall in the birth rate 
since 1877, he writes : 

“ The man and woman who cannot afford to marry are now 
taxed for the education, the sanitation, the medical provision and, 
very often, the nutrition of the offspring of those who ought not 
to marry.” 

Yet Karl Pearson never minimised the ralue of environment 
and the duty of society to see that the genetic potentialities 
of the individual are given all possible aids to their develop- 
ment, always remembering that improved environment alone 
cannot involve steady racial progress. 

Another piece of work of national importance achieved 
under the diction of Karl Pearson was Snow’s deihonstration 
of natural selection at work in man ; it appeared from the 
material then available that a reduction of infant mortality 
led to a higher death rate among the young children who 
survived; in other words, important though it is to safe- 
guard the life of every child bom, one caimot expect in this 
Way to compensate for the reduction of the birth rate in the 
fitter and abler sections of the community. 

Karl Pearson’s most prolific period was before the 1914-18 
war ; his conclusions were often unwelcome and roused 
hostile reactions in many quarters ; they are there for all to 
ponder on, and smely the need to do so was never greater than 
in planning now for our post-war years. 

Later Nineteenth and Early Twentieth Centuries 

If, then, the first period of our survey is characterised by 
the observation and sometimes the recording of the sequence 
of events, the second period, focussed in the nineteenth and 
early twentieth centuries, is notable for (a) a great stride for- 
ward in the development of controlled experimental work 
among plants and animals, and the consideration of the 
application of knowledge thus learned to human problems ; 
(i>) the organised search for facts bearing on human heredity 
and its control, with the development of methods to provide 
a me^re of the significance of observed characters and their 
relative potencj' in the population concerned. There was 
now brought to the fore the conception of prediction and the 
control of erents within the limits imposed by man. 

'^ere were many notable pioneers in the field during this 
period — Bateson and his school, Morgan, Lamarck, Weiss- 
marm, de Vries and Johannsen, to mention a few only. If 
this brief survey appears to concentrate largely upon the 
pioneer work of Francis Galton and Karl Pearson, it is not 
only because the writer had exceptional opportunitj’ of ob- 
sening their work and the stimulus it provided during some 
Inirty years. The work then done provided a firm foimda- 
rion of fact and many pointers for the ne.xt generation of 
mvestigators to pursue. 


Laboratories and Literature 

During this period the Galton Laboratory had been estab- 
lished ; the John Innes Horticultural Station too, had been 
endowed, with Bateson as its first Director, and much pioneer 
work in experimental genetics was begun. Departments of 
similar or more specialised scope have been multiplied in 
recent years in the Universities of London, Oxford, Edin- 
burgh, and elsewhere. Publications in England, started 
during this period, include the Journal of Genetics (1910- ), 
published in Cambridge, and, under the direction of Karl 
Pearson, Biometrika (1901- ), Annals of Eugenics (1925- ), 
The Treasury of Human Inheritance (1909- ), together with 
a long series of monographs under 0) The Biometric Series, 
(ii) Studies in National Deterioration, and (iii) Eugenics 
Laboratory Memoirs. At the end of this period, some 
thousands of pedigrees of disease had been worked out and 
embodied, for reference purposes, in collections of histories 
from the literature, in which the three main genetic types 
are clearly defined and illustrated. 

Modem Human Genetics 

The third period of our survey, reaching to the present 
time, has proved so fertile and is so full of promise for the 
future that it is possible only to indicate very briefly and 
inadequately some of the lines upon which modem geneticists 
are working. The age has given evidence of great originality 
of thought and method and it is diflScult to set any bounds to 
the possibilities arising from the converging paths of the 
geneticist, the embryologist and the physiologist under such 
direction as that given by Goldschmidt in America and by 
Joseph Needham and Waddington in England. 

British work on human genetics has been primarily led by 
R. A. Fisher, J. B. S. Haldane and L. Hogben, with notable 
contributions from the clinical side by E. A. Cockayne and 
L. Penrose. A fundamental feature of the period has been 
the very fruitful conception of the gene as the carrier of heredi- 
tary characters with its localisation in the chromosome, and 
the observation of the phenomenon of linkage, when two 
hereditary characters are so related that they tend to occur— 
or fail to occur — ^together in individuals of a stock. Among 
the pioneers in these lines of investigation were Corrcns, 
Bateson with his co-workers, Morgan, and Sturtevant. 
Although the nature of the hypothetical gene is still unknown, 
the influence and location of its function has been determined 
to such a degree of accuracy in certain primitive forms of life 
that they have become plastic material in the hands of the 
breeder who can, on the basis of his hypotheses, build up 
populations of a specified variety, predetermine its character, 
and test out his theses. 

All this work has a limited application to the much more 
complicated problems of hereditary disease in man, but a 
notable start has been made in the demonstration of linkage 
in a number of families carrying two sex-linked diseases, 
namely, colour-blindness and hsmophflia. The first pedigree 
illustrating this phenomenon was published by Madelener; 
later, more conclusive evidence of linkage was found in 
England after a systematic search initiated by Haldane. 
Further examples of linkage in man are due to Riddell, Birch, 
White, and Burks. Methods of investigating the question 
of linkage have been im'tiated and elaborated primarily by 
Bernstein, R. A. Fisher, and J. B. S. Haldane. Taking a 
long distance point of view, this line of enquiry carries great 
possibilities. It may contribute to the localisation of par- 
ticular genes on chromosomes, or perhaps enable one to 
detect the presence of a harmful gene before its effects are 
manifested and thus reassure the normal members of affected 
stocks and point the way for potential carriers to avoid the 
birth of defective offspring. 

Perhaps the most important single discovery bearing on 
human heredity during the modem period has been the 
identification of the genetics of blood group membership. 

It is a sufficiently potent fact that we are able under esrt^ 
conditions to state that a particular child was not the offspring 
of its alleged parents on the basis of a blood group examina- 
don ; it is thought that, as more blood group factors arc 
detected, the scope of their revelations may provide pe.hapi 
the most hopeful line of advance in the knowledge and control 
of human heredity. The chief advocate of this pursuit in 
England, following the pioneer work of Todd, has been R. A. 
Fisher, srith his colleague G. L. Taylor ; prehminor;. 
has been done in the standardisation of methods and techmqu^ 
but the work has been ineritably curtailed owing to u.e 
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demands of war ; much of interest may be looked for in this 
direction on the restoration of peace. 

The collection of pedigrees of disease continues and it is 
now recognised that in few conditions can the mode of 
inheritance be said to be invariable. It is perhaps safe to say 
that red-green colour-blindness and hasmophilia are due to 
sex-linked genes located on the X chromosome, or that 
Huntington’s chorea and blue sclerotics are caused by domi- 
nant genes in that they become manifest in heterozygotes ; it 
is, however, impossible to say anything of the genetic sources 
in a case of, e.g. pseudo-hypertrophic muscular dystrophy, or 
retinitis pigmentosa, without a knowledge of the family and 
personal history of the individual concerned. Just as it has 
come to be recognised that a particular gene can lead to 
multiple effects and in certain cases the sequence of events 
can be reconstructed (see e.g. Bomievie, 1934 ; Grilneberg, 
1938-40), so it can be seen that indistinguishable clinical 
appearances may arise from different genes carrying a quite 
different outlook for the individual, the age of onset of the 
disease and prognosis for the patient varying markedly with 
the observed method of descent in the family. The writer 
has been responsible for the authorship of nine issues of the 
Treasury of Human Inheritance since 1922, including some 
2,000 pedigrees of anomaly or disease in the eye or in the 
nervous system, and can testify to the often marked varia- 
bility in the manifestation of a particular hereditary disease 
from one family to another, as well as the tendency to close 
resemblance in all the characteristics of the disease, whether 
genetic or clinical, in members of the same stock. 

Multiple cases of disease in the same family are not neces- 
sarily conclusive evidence of a hereditaiy basis when the con- 
dition is common in a population ; thus the detection of a 
genetic basis in phthisis, some types of cancer, diabetes 
mellitus, peptic ulcer, etc., may become a very difficult 
problem complicated by such environmental factors as ex- 
posure to infection, lowering of resistance, liability to strain 
or subjection to excitants. With regard to phthisis, the work 
<!arl Pearson and his associates was very suggestive of the 
jortance of the genetic basis ; if this factor is masked by 
more conspicuous environmental effects, as evidenced by 
increased incidence under war conditions, its potency has 
n confirmed by investigations into the occurrence of the 
;ase in pairs of like and of luilike twins. This method of 
estigation, based on the consideration that genetic charac- 
I would be found more commonly in both twins of like 
n in those of unlike type, originally suggested by Francis 
Iton, has been much developed of recent years in a de- 


liberate search for the resemblance in twins of each category 
particularly so in the work of Hogben, Dahiberg, Percy 
Stocks and von Verschuer. It provides perhaps the most 
hopeful line of investigation into the hereditary basis suspected 
in some types of cancer. Much suggestive experimental work 
however is being done by such workers as Furth in America 
and Gorcr in Britain, on the leukaemias and cancer in mice, 
which have valuable applications to human problems. An 
interesting summary of investigations along these lines has 
been published recently under the authorship of J. Engelbreth- 
Holm (1939). 

If, as we must agree, it is not possible to stay the onset or 
course of disease or defect genetically determined, a good 
deal of consideration has been given to its possible prevention 
by such measures as the discouragement of consanguineous 
marriage, or the sterilisation of potential transmitters. With 
regard to the former, the first-cousin marriage-rate among 
the parents of in-patients of the General Hospitals in England 
and Wales, determined with the aid ol ihz Medical Research 
Council (Bell, 1940), was found to be 0-606 % of marriages 
only ; the dangers possibly inherent in such marriages are 
undoubted, and extreme caution in undertaking them should 
be practised by the individual, but at their present low rate 
little gain can be expected from their discouragement in the 
population as a whole. Dahiberg (1939) reports similar 
low consanguinity rates among marriages in European 
countries. 

The voluntary sterilisation of defectives or of those deemed 
to be potential transmitters of hereditary defect, though un- 
doubtedly often humane in its scope, may be very wasteful 
in operation ; too often we do not know the potential trans- 
mitter, as such, until he has produced his defective offspring. 
Certain individuals should certainly abstain from parent- 
hood, but from the genetic standpoint it is unlikely that much 
gain could be expected to follow from restrictive measures of 
this nature. 

The output of work in experimental genetics and embryo- 
logy recently described by Joseph Needham, Sir William 
Dunn Reader in Biochemistry in the University of Cam- 
bridge, is almost overpowering in its many-sided imph’cations 
to workers outside that special field. The line of investigation 
is obviously of very great promise, but we need to be cautious 
in applying conclusions arrived at by work on relatively 
primitive organisms to the highly evolved mechanisms of 
man. Is it not probable that natural selection has carefully 
protected the human developing embryo from environmental 
effects and from the fingers of meddh'ng man ? 
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THE DEVELOPMENT OF MEDICAL STUDIES IN BRITAIN ; m. OBSTETRICS 


JAMES YOUNG, M.D., F.R.C.S., F.R.C.O.G. 
British Post-Graduate Medical School, London 


The earliest authentic landmark in the histoiy of B”^sh 
midwifery dates from the reign of Henry VIH. In 1540 there 
appeared the first textbook of midwifery to be printed in 
Sigtod. This was a translation of Der Swangern frawen 


und hebammen roszgarten written by Euchanus Rosslin and 
published in Hagenau in 1513. This book, the first devo ed 
to midwifery after the discovery of pnntmg, w^ 
into the various European languages and into Latin (15J27. 
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The English translation was made from the Latin text under 
the title The Byrth of Maukyudc. It passed through many 
editions, the last appearing in 1676. Tlie translation of the 
first English edition is commonly ascribed to Thomas Ray- 
nalde, but his name does not appear in the book until the 
edition of 1545. Richard Jonas claims to have translated the 
1540 edition, which was “ impo’nted at London by T. R.” 
This “ T. R.” was no doubt the well-known printer Thomas 
Raynalde. Later editions appeared under the editorship of 
Thomas Raynalde, Physician. Ballantyne has made a 
careful study of this point and gives full details in his paper 


(1906). 

From a perusal of this famous book we obtain a clear light 
on the art of midwifery during the sixteenth and seventeenth 
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revision of the original text ; later editions include anatomical 
plates from Vesalius. Despite this, the book essentially 
retains its original form and it demonstrates how the teaching 
in regard to normal and abnormal labour was still largely 
based upon the work of Soranus and the Alexandrian school 
of the first and second centuries a.d. 

Throughout the sixteenth and seventeenth centuries British 
midwifery exhibited tittle progress. Its practitioners were 
for the most part ignorant and illiterate midwives who, in 
times of emergency, had recourse to the doctor with his 
destructive instruments, more especially the hook. It is true 
that there were important movements on the Continent, 
especially in France, where the great surgeon Ambroise Pare 
had in 1550 rediscovered the value of podalic version in 
cases of difficult delivery ; this, although known by the 
ancients, had apparently been forgotten for nearly ^teen 
centuries. From this discovery, and the French school which 
began with Ambroise Pare, may be dated the rise of modem 
obstetrics. At a time when Continental travel was fashion- 
able it is likely that this rising French School had some 
influence on British thought, but there is little record that 
this was immediate and it was not imtll 1634 that Ambroise 
Fare’s works were translated into English. 

It was about this time that a member of the Chamberlen 
family in England (probably Peter Chamberlen the Elder, 
who died in 1631) invented the obstetric forceps. This, 
although one of the greatest and most beneficent of all 
obstetrical discoveries, had little immediate influence on the 
art as, for over a century, in keeping xvith a practice common 
to those days, it remained a close family secret. Indeed the 
me of forceps did not become general until Chapman pub- 
lished his description in 1713. 


William Harvey’s Contribution 

It is not generally appreciated that the first original work 
on midwifery by an English xvriter was the chapter “ De 
partu ” in the Exercitationes de Generatione Animalium of 
William Harvey (1578-1657), the discoverer of the circulation 
of the blood. This appeared in 1651 and was translated into 
English in 1653. In the improved translation of Harvey’s 
works carried out for the Sydenham Society by Willis (1847) 
the “ Motion of the Heart and Blood ” occupies 141 pages, 
whffit the “ Anatomical Exercises of the Generation of 
Animals ” occupies 444 pages. Harvey’s contribution to 
obstetrics is not to be measured by the degree in which it 
advanced the art and practice. It is to be found rather in 
the new intellectual spirit which it reveals. Authority is dis- 
placed by science and observation, and the extent to which 
this implied a massive revolution in thought may be gauged 
by the fact that we find Harvey constantly making his peace 
xvith Hippocrates, Aristotle and Galen. There can be found 
no more convincing commentary on the barrenness of the 
long intervening centuries than a study of Harvey’s work. 

It is against this background that we can best appreciate 
the significance of Harvey’s contribution. The greater part 
of the book is devoted to a long series of experiments and 
observations on the development of animal ova and on the 
anatomy and physiology of the fcetus. The short' chapter 
{de Partu) on parturition makes it clear that Harvey had a 
considerable experience in practical midwifeo'. The book, 
however, does not claim to enunciate any great new principles 
m the obstetric art, and for this reason "the claim made by 
Aveling that Harvey should be regarded as the Father of 
Bntish Midwifeiy is hardly to be justified. It is somewhat 
strange to find that although Fabricius, Harvey’s teacher, 
had taught that the child is bom as the result of the muscular 
action of the womb, Harvey still held stubbornly to the 


ancient view that “ it is the foetus itself which, with its head 
downwards, attacks the portals of the womb, opens them by 
its own energies and thus struggles into day.” The head is 
“ situated superiorly and the face usually turned towards the 
back of the mother. A short time, however, before birth 
the head is bent downwards towards the orifice of the uterus 
and the foetus, as it were, in search of an outlet, dives to the 
bottom.” It is also interesting to find the persistence of the 
ancient doctrine that “ the cartilaginous attachments of the 
pelvic bones so lose their rigidity that the bones themselves 
yield readily to the passage of the foetus and thus greatly 
increase the area of the hypogastric region.” 

It is about this time that we first learn of efforts made to 
raise the standard of the training of the midwives. Harvey 
and his contemporary and friend, Percivall V.fillughby (1596- 
1685) referred in strong terms to the manner in which women 
in labour suffered at the hands of untrained midwives. They 
both emphasised that labour was a physiological process and 
that “ the midwife’s duty in a natural birth is no more but 
to attend and wait on Nature.” Several members of the 
Chamberlen family also interested themselves in plans for the 
improvement of the status of midwives and it would seem 
that, as the result of the mediation of the College of Physicians, 
some control was imposed and improved instruction made 
available. But progress was slow and throughout the 
seventeenth, eighteenth and nineteenth centuries the ignorant 
and unskilled midwife remained as a persisting reproach to 
British obstetrics. 

We have previously referred to the important school of 
obstetrics wffich had arisen in France. By the end of the 
seventeenth century its influence was great. Its chief ex- 
ponent was Francois Mauriceau (1637-1709), whose Traite 
des maladies des femmes grosses, 1668, was translated by 
Hugh Chamberlen (1673) and thus made available for 
English readers. This book was the first textbook of obstet- 
rics in the modem tradition and it had a marked influence on 
British thought and practice. English editions continued to 
appear till 1752. 


Eighteenth Century : Beginnings of Modem Obstetrics 

The rise of modem British midwifery dates from the 
eighteenth century. It was during this century that the 
obstetrical forceps, hitherto a closely guarded family secret, 
was introduced into common use. It is from this period that 
this instrument takes its effective place beside podalic version 
as one of the most beneficent discoveries in medicine. To- 
gether, these procedures in the hands of the scientifically 
trained man-midwife were destined more and more to displace 
the mutilating and dangerous operations of former days and, 
at the same time, to wrest from the woman midwives the 
monopoly which they had so long enjoyed. It was during 
this century that the anatomical and clinical discoveries of 
Will jam Smellie and others revolutionised the science and art 
of midwifery. Smelh'e and a great band of contemporary 
workers and writers — ^Deventer (Holland), Maubray, Giffard, 
Manningham, Pugh, Chapman, Fielding Quid, William 
Hunter, Denman and 'White— broke the last fetters which 
still bound the obstetric art to traditionalism and obscurant- 
ism. It was during this century, also, that the first professor- 
ship of midwifery was instituted in Edinburgh in 1726 and that, 
with the establishment of the first lying-in hospitals in 
England, Scotland and Ireland, the care of pregnant and 
labouring women entered on a new phase and the basis vsns 
laid for the proper instruction of the doctor and the imdwife. 

The most noteworthy development in the art of midwifery 
sprang from the increasing emphasis on the essentiaUy 
physiological nature of ordinary labour and on the imporiancK 
of the avoidance of interference until the indications for this 
were clear. So much dominated by the physiological outlook 
on labour was the British School of Obstetrics that Boer was 
at a later date to declare that he “ learnt in France what Art, 
in England what Nature could do.” Throughout ffie century 
this is a main theme running through the many British 
on midwifery which now began to appear. In the hands ol 
Giffard, Pugh, Chapman and Smellie in Britain and ofLesTct 
in France, the forceps underwent gradual evoluuon from the 
rather crude implement of the Chambericns to t - mo 
fenesuated instrument with the pehic curve and the con- 
venient English or Smellie lock. The study of pc n- a.n- om.. 
led to clearer understanding of the phenomena oflaboirrand 
the objective study of the process of delivery W for the tirs. 
time to a knowledge of the “ mechanism ” of labour. 
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influence of William Smellie 

The progress which was now taking place in England was 
so great and so rapid that this country had by the middle 
decades of the eighteenth century established for itself a 
position of leadership. The outstanding figure in this 
obstetrical galaxy was William Smellie (1697-1763), who has 
been justly described by Fasbender as “ one of the most 
important obstetricians of all times and countries.” He was 
bom in Lanark in Scotland, practised there for some years 
after graduating M.D. at Glasgow University on February 18, 
1745. In 1739 he studied under Gregoire in Paris and there- 
after during the whole of his active life he lived in London, 
where he built up the first important school of midwifery and 
altogether 900 pupils attended his courses. In 1759 he 
returned to Lanark where he died in 1763. Apart from the 
great influence of his personal teaching and example, his 
place in obstetric history is secured by his great Treatise on 
the Theory and Practice of Midwifery pubh’shed in 1752, 
followed in 1 754 by a second volume consisting of a Collection 
of Cases. The Collection of Preternatural Cases appeared 
posthumously, in 1774, as the third volume. In 1754 he 
published A Set of Anatomical Tables which, according to 
another great obstetrician, Michaelis, “ have perhaps achieved 
more in the spread of correct ideas of labour than all the 
books which have ever been written on the subject.” 
Smellie’s Treatise possesses an additional literary interest in 
that it was prepared for the press by Tobias Smollett, the 
great English novelist, who was a close personal friend of the 
author. The work passed through at least nine editions in 
English and it was translated into French, German and 
Dutch. In 1876-78 it was reprinted by the New Sydenham 
Society under the editorship of McCIintock. 

The Treatise reveals throughout the quah'ties which dis- 
tinguished Smellie’s personality and work — the originality 
of his genius, which illumines everything which he touches, 
his close and careful clinical observation, his shrewd and 
:ritical judgment, his modesty and his honesty of purpose. 
Dne of the book’s greatest claims to distinction is that it is 
ilmost alone amongst obstetric works of a bygone age in 
hat it is still studied by obstetricians with profit and inspira- 
ion. It began a new era and marks out Smellie as the father 
)f modem obstetrics. As Fairbaim so aptly says “it is 
nteresting to note that the date of his birth, 1697, is but 
wenty-one years, and the publication of his epoch-making 
reatise on midwifery but sixty-six years, after the appearance 
)f the last edition of the Byrth of Mankinde (167Q, which 
vas merely a rehash of the teaching of the great Alexandrian 
chool, thus showing the long reign of the ancient and the 
ilmost sudden appearance of modem obstetrics.” 


Opposition to Man-Midwives 


With the rapid development of the science and art of mid- 
wifery leadership passed inevitably into the hands of the male 
midwives and this created difliculties with the female prac- 
titioners. From ancient times it had been an accepted con- 
vention that attendance on women in labour was a woman’s 
function. It had not been regarded as in any way faUing 
within the sphere of the doctor, save in those instances where 
the midwife had failed by her own efforts. Only then was he 
brought often secretively into the labour room in an effort 
to save the life of the mother which, if possible at all, could 
often be achieved only by destructive mam’pulations on the 
child. There was thus added to the sense of impropriety 
and even indecency of the male doctor in the labour room 
the feeling that his presence too often was a harbinger of 
death and disaster. There would seem to be no doubt that 
in England these views regulated the attitude of the public 
mind towards midwife and doctor well into the eighteenth 


century. It is tme that before this period there are a few 
recorded instances of court “accoucheurs.” Thus Peter 
Chamberlen attended Queen Henrietta Maria in 1628 and 
Hugh Chamberlen delivered the future Queen Anne in 1692. 
In France, also, Boucher attended La ValU^ire, the mistress 
of Louis XTV, in 1663 and Clement attended Madame de 
Montespan in 1670 and the Dauphine in 1682, and it is said 
that male midwifery tended from this time to become more 
fashionable in France. On the Continent there does not 
seem at any time to have existed the acute nvalry which, 
with the rapid development of the male practitioner, was due 
to break out in England, This arose ^toxa the fact that on 
the Continent the woman midwife’s position was more secure 
from the beginning. We know, for example, that from the 


seventeenth century French midwives had a lying-in hospital 
(the Hotel Dieu) set aside in Paris for their training, and that 
this was supported by visiting male accoucheurs. We also 
know that in Holland and Denmark schools of instruction for 
midwiv^ supported by the State existed from an early date. 
At various times then- emerged from these Continental 
schools midwives who gained for themselves an important 
place in history. Louise Bourgeois was a distinguished 
midwife of the seventeenth-century French school and 
Justine Siegemundin of the eighteenth-century German 
school. Two later French midwives of distinction were La 
Chapelle and Marie Boivin, The last-named (1773-1841) 
gave the first accurate description of hydatid mole. Whilst 
on the Continent there had been created a body of trained, 
disciplined and self-respecting midwives, in England, at the 
time of which we speak, the midwives were untrained except 
for the instruction which they picked up at random. We 
have seen that attempts had been made at varying times to 
improve their status and their training but it is doubtful 
if these achieved much. It thus happened that when in the 
eighteenth century the man-midwives began to engage 
wholesale in, and to lay down the principles for, practice in a 
field over which women had hitherto exercised a virtual 
monopoly the women practitioners were filled with dismay. 
A wordy storm broke out through the usual medium of these 
days, the pamphlet. The pamphleteers, irate midwives wth 
some sympathising medical men, hurled their protests, often 
in very intemperate language, at the heads of the male prac- 
titioners. Smellie received more than his share of this 
outburst, his chief opponent being a Mrs. Elizabeth Nihell, 
who described him as a “ great horse-god-mother of a he- 
midwife ” ! A staple argument was that the passing of mid- 
wifery into male hands would expose labouring women to 
unnecessary and dangerous interference and the wholesale 
employment of barbarous instruments. 

This squabble between the woman- and man-midwives is 
unimportant except in so far as it serves to throw light on 
influences which determined the future of British midwifery. 
It was a time of great progress when male and female midwife, 
both essential in their own sphere, might by their combined 
efforts have built up an effective organisation simDar to that 
growing up in Continental countries. Instead, by their 
estrangement the hands of the clock were put back for a 
century. It is true that the setting up of lying-in hospitals 
provided new facilities for the training of female midwives. 
But throughout a great part of the nineteenth century the 
midwife remained too often the degraded type drawn by the 
noveh'st and caricaturist of the times. Indeed it is only 
recently (Mid wives Act, 1902) that we finally saw the passing 
of the untrained “ handy-woman,” on whom so many of 
our countrywomen depended for their sole aid during their 
confinement. This schism betv/een the male and female 
midwives was destined during the eighteenth and nineteenth 
centuries to spread its influence beyond these shores. Carried 
over to America, the tradition persisted. To this day, in 
the United States of America, the attitude of the male prac- 
titioner towards the female midwife has often remained one 
of thinly veiled contempt at a time when, in Great Britain, 
she has been reinstated in a position of prime importance in 
the maternity organisation of the countiy. 

Nineteenth Century : Ansesthesia and Control of Sepsis 
British workers played a notable part in the two great 
developments of the nineteenth century, the discoveries in 
relation to anaesthesia and puerperal sepsis. It was Simpson 
(1811-1870) who first introduced anaesthesia into obstetrical 
practice and thus opened out the road to new surgical pro- 
gress and adventure in this countiy. He communicated his 
first paper on choloroform to the Medico-Chirurgical Society 
of Edinburgh on March '10, 1847. 

The contagious nature of puerperal sepsis had been 
suspected by several workers before Pasteur. Thus Gordon 
of Aberdeen in 1795 published a treatise demonstrating the 
relation between puerperal fever and erysipelas, whilst fifty 
years later and almost at the same time (1843) Oliver Wendell 
Holmes in America and Semmelweis in Vienna built up a 
solid argument for the contagious origin of the disease. But 
it was not until Pasteur’s dramatic intervention in a dis- 
cussion at the French Academy on the causes of puerperal 
fever in 1867, when he suddenly rose from his scat, %vaJked 
to the blackboard and drew for his audience the chain strepto- 
coccus that he had obtained from the discharges and from 
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the blood of infected women, that the proof was final. On 
the foundation of Pasteur’s work Lister (1827-1912) built 
up antiseptic, which later merged into modern aseptic, 
surgery. The greatest immediate effect was seen in the 
prevention of the massive epidemic scourges which from the 
time of their first development in the eighteenth century had 
remained a constant menace of the lying-in hospitals. In 
the final development of the technique directed to the pre- 
vention of obstetric contagion a notable part has been played 
by British bacteriologists. Smith of Aberdeen (1933) and 
the Colebrooks at the Bernhard Baron Research Laboratory 
attached to Queen Charlotte's Hospital in London (1936) 
demonstrated that a main source of this contagion was the 
upper respiratory passages of the attendant nurse or doctor. 
From these discoveries has sprung the modem technique 
of the labour room, including the face mask. Leonard 
Colebrook has also played a major part in proving the 
efiBcacy of the sulphonamide drugs in the treatment of 
puerperal sepsis due to the hxmolytic streptococcus. For 
the five years 1931 to 1935 the respective case mortality 
rates for puerperal sepsis at Queen Charlotte's Hospital 
were 31-6%, 21%, 20-6% and 24*4%. During January 
to August, 1936, after the introduction of prontosil, the 
death-rate in 85 cases infected by haemolytic streptococci 
dropped to the low figure of 3-5% (Colebrook & Kenny, 
1936). The work of these investigators was an important 
factor in the considerable reduction in the maternal mortality 
rates of this and other countries during recent years and, by 
its proof of the value of sulphonarm'de therapy, it has exer- 
cised a wde influence in general medicine and surgery. 


Organisation of Midwives 

An important event in the history of British obstetric.' 
was the establishment of the Central Midwives Board imder 
the Midwives Act, 1902. The Board is now under the 
administrative control of the Ministry of Health. It is 
responsible for the admission to the register of midwives 
Md for framing rules for their training and practice, and 
it possesses considerable disciplinary powers. Local super- 
vising authorities for the purposes of the Midwives Acts, 
1902-1936, are the councils of counties and of county 
boroughs, who are responsible for the inspection of midwives, 
tvith powers to suspend a midwife from practice if such a 
step appears necessary to prevent the spread of infection. 
One of the most important consequences of the new Acts is 
that no woman may use the title of midwife unless certified 
under the Acts and no one, unless certified, may attend 
women in childbirth otherwise than under the direction and 
persona! supervision of a registered medical practitioner. 
By this step there has been finally secured the elimination 
of the imtrained woman who throughout the centuries had 
been a grave reproach on British obstetrics. A further 
more recent step (1936), which has helped to fill a serious gap 
m the maternity services, is the statutory obligation of every 
local supervising authority to make arrangements for the 
adequate prorision of whole-time salaried midwives for their 
area. 


Twentieth Century and Earlier ; PreventiTe Aspects 

In the field of preventive medicine as applied to maternal 
and child health Great Britain has played a leading role. 
Ballantyne (1861-1923) directed attention to the great im- 
portMce both to mother and child of a periodic and careful 
medical supervision carried out throughout pregnancy, and 
. ."'°tk led to the fovmdation of the modem antenatal 
elmc. Newsholme (1857-1943), Chief Medical Officer of 
the Local Government Board, was at about the same time 
drawing attention in a series of notable official memoranda 
to the^ influence of social and economic factors on the high 
imantile morbidity and mortality of these days. The com- 
bined efibrts of these and other pioneers led to the passing 
w the Maternity and Child Welfare Act, 1918. By the 
Notification of Births Act, 1907, notification of births to the 
authority had been adoptive and had enabled the 
authority to e.\tend medical and auxiliary services to nursing 
and other mothers. In 1915, notification of births was 
made compulsory and the local authorities were empowered 
o ymdertake maternity and child welfare work. These 
earlier and tentative provisions were extended and co- 
ordin.atKl under the Act of 1918 and the Public Health Act, 


1936. By these acts every welfare authority must appoint 
a maternity and child welfare committee. As a consequence 
there has gradually grown up during the past 25 years a 
service, or series of services, by which the mother can secure 
from public sources skilled supervision for herself through- 
out the antenatal, the lying-in and the postnatal period, and 
for her child up to school age. In England and Wales these 
services now (1943) include 1,651 antenatal clinics and 2,893 
infant welfare centres. Their continuing expansion is seen 
in the fact that, whilst during 1936 the percentage of expectant 
mothers who attended antenatal clinics in England was 
nearly 49, during 1942 it had reached 70. An important 
feature of the services is the free provision of supplementary 
food (milk and vitamin preparations) for expectant and 
nursing mothers of poor economic circumstances. 

During recent years there has been a marked decline in 
maternal mortality. In England and Wales the rate, which 
remained stubbornly high over a long period, has fallen 
from 4-21 per 1000 births (live and still) in 1932 to 2-47 in 
1942. This considerable fall is in the main due to a diminu- 
tion in the deaths from sepsis (from 1-61 per 1,000 births in 
1932 to 0-42 in 1942). Since the beginning of the twentieth 
century there has been a remarkable and steady decline in 
the infantile mortality rate — from 154 per 1,000 live births 
in 1900 to 49 in 1942. 


Recognition of Obstetrics and Gynascology as a Specialty 


Throughout its history imtil quite recent times obstetrics 
has had to contend with the indifference and often the open 
hostility of the teaching schools and universities and the 
medical corporations. These schools and corporations, con- 
trolled by physicians, for long were as jealous of the man- 
midwives as of the surgeons, and by their efibrts to retain 
the obstetric practice of the doctor within their own close 
monopoly they often actively boycotted these practitioners 
and discouraged their efibrts at progress. We have seen 
that midwifery received academic recognition in Scotland 
early in the eighteenth century. In England this recognition 
was slow and it was not until the passing of the Medical 
Act, 1886, that the doctor was required to pass an examina- 
tion in midwifery for qualification. But the training of the 
student in obstetrics remained for long in an unsatisfactory 
state. It was only after the issue of the Interim Report of 
the Departmental Committee on Maternal Mortality and 
Morbidity in 1930 that this question for the first time received 
serious consideration. Thereafter the General Medical 


Council, in consultation \vith the Licensing Bodies, issued 
recommendations which have resulted in an expansion of 
the training facilities, including a compulsory period of 
residence by the student in an obstetric hospital. By these 
measures and, where necessary, by collaboration between the 
teaching school and a local authority hospital, with the 
object of increasing the available climeal material, the 
standard of instruction has been greatly improved. 

With the foundation in 1929 of the British College (now 
the Royal College) of Obstetricians and Gynecologists, nnd- 
wifery in Britain has at last established for itself its just 
place in the medical triad. The College contains, at the 
time of writing, 234 Fellows (F.R.C.O.G.), 475 Members 
[M.R.C.O.G.) and 354 Diplomates (D.R.C.O.G.). Fellows, 
apart from Foundation FeUows, are elected from such 
Members as are judged by the Council to have advanred 
the science and art of Obstetrics and GynaK»!ogy m such a 
way as to merit promotion. Members are admitted after 
:xamination, and they must have been entered for 
three years on the British Medical Register or be eh^ble 
For entry thereon in virtue of being entered on the Register 
af duly qualified medical practitioners of a Commonwealth, 
Dominion, Union, State, Colony or Dependeno' fon^g 
part of the British Empire.” Every applicant for mernter- 
ship must have held the following resident appoin^ents rn 
1 Cognised hospital: she months in general medianc or 
surgeryTsix months in obstetrics and 
~oloE>' He must submit complete records of se!..- 
md%onally conducted obstetric 

ases, with two commentanes, fl' .J, 

gjmie^ological, each limited to 2.^ h- E 

fcceptance of his case-records and 

permitted to sit for the 

riva voce). The Diploma is ” deigned to 

authorities and committees of voluntarj hosp..- 
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organisations in the selection of practitioners who have 
made a special study of obstetrics after qualification.” The 
applicant must have held resident appointments in a recog- 
nised hospital as follows: six months in general medicine 
or surgery and six months in obstetrics. He must submit 
evidence of adequate experience in antenatal, postnatal and 
infant welfare work and in gynascology. 


Gynaecology 

Gynaecology is a creation of the nineteenth century. The 
scientific study of the diseases of the female generative 
organs dates from the development of modem pathology — 
from the work of Virchow and the investigation of disease 
processes by means of the perfected microscope. In the 
building up of the pathologico-clinical basis of nineteenth 
century gynaecology, a leading part in Britain was played by 
Simpson, Lawson Tait and Matthews Duncan. Abdominal 
surgery was bom in 1809 when McDowell of Kentucky 
carried out his first ovariotomy ; by 1830 he had performed 
the operation upon thirteen women, and of these at least 
eight are known to have survived. It was not, however, till 
the advent of anaesthesia and antiseptic surgery that operative 
gynaecology began its advance on a broad front. In this 
phase Spencer Wells (1818-1897) first firmly established the 
place of ovariotomy and Lawson Tait (1845-1899) the wider 
possibilities of pelvic surgery. The first successful operation 
for mptured tubal pregnancy was carried out by Lawson 
Tait in 1883. The first systematic text-book "on gynaecology 
of the modem type was published in Edinburgh by Berry 
Hart and Freeland Barbour (1884). 
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Scientific Advances 

During more recent years British workers have played an 
important part in the rapid evolution which has taken place 
in physiology and pathology in relation to obstetrics and 
gynajcology and in the application of these sciences in the 
field of diagnosis and treatment. The employment of 
posterior pituitary extract as an oxytocic drug by a dis- 
tinguished British obstetrician, W. Blair Bell (1909), is an 
early landmark in the application of endocrinological dis- 
covery to practical medicine. The recent discovery by Dodds 
and his co-workers (1937 and 1938) of the synthetic oestrogens 
of the stilboestrol group (stilboestrol and hexcestrol) is an 
important British achievement in the sphere of sex endo- 
crinology. These synthetic products have been proved to 
possess in a high degree the physiological properties of the 
biological oestrogens and they have established for them- 
selves a primary role in the treatment of the female meno- 
pause, in the inhibition of lactation, where this is required 
in the puerperiiim, and in other ways. They possess two 
outstanding advantages, their cheapness and their activity 
when administered orally. In the obstetric field the clinical 
observations of Chassar Moir (1932) culminated in the 
isolation of ergometrine (Dudley & Moir, 1935), the water- 
soluble alkaloid which is believed to be responsible for the 
traditional clinical effect of ergot. These investigations have 
succeeded in clearing up the ambiguity which long surroimded 
the ergot alkaloids and they have added a valuable oxytocic 
dmg to the obstetrician’s equipment. 

In the preparation of this article the author has freely 
consulted the writings of Professor John Glaister and the 
late Professor Herbert R. Spencer. 
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PRACTICAL APPLICATIONS OF KNOWLEDGE OF NUTRITION TO 

PREGNANCY AND LACTATION 


W. C. W. NIXON, M.D., F.R.C.S., F.R.C.O.G. 
lately Professor of Obstetrics and Gyncecology, Hong Kong University 


There is now abimdant evidence that pregnancy and lactation 
are dietetic strains. These physiological states in a woman’s 
life are in fact “ diet efficiency ” tests. During these periods 
of stress, border-line states of nutrition are sometimes revealed 
which otherwise would have remained latent. For example, 
the effects of drain upon maternal calcium are seen in the 
form of adult rickets. Furthermore, the babies of such 
women may themselves be rachitic (Maxwell, Lin & Kuo, 
1939). That pregnancy is a dietetic stress can also be seen 
from the fact that during the last trimester the mature foetus 
has received 75 % of its weight of protein, 93 % of fat, 65 % 
of calcium, 68 % of phosphorus, 80 % of iron (Huggett, 1942). 
During this period, 70 % of its total birth weight has been 
deposited. Again, during lactation there is a marked drain 
on the maternal tissues. The nursing mother requires for 
every pint [about 568 cm.®] of breast milk about 24 g. of good 
quality protein in food in addition to her other daily protein 
requirements. Of calcium she needs three times as much 
as the non-pregnant woman, and of iron an increase of 60 %. 
Calorie requirements in late pregnancy are 2660 daily in 

contrast to 3220 in lactation. j • 

There is no doubt that the better the nutrition during 
pregnancy, the more likely is lactation to be satisfactory. In 


a community where diet is faulty or restricted it is the mothers, 
expectant and nursing, and the children who will suffer first. 


Mass Dietetic Treatment of Pregnant Women 


Recently four large-scale field investigations have been 
undertaken which have shown the benefit of proper feeding 
in pregnancy : 

i. The National Birthday Trust Fund distributed between 
April 1934 and March 1939 special foods to expectant 
mothers in certain areas in South Wales and the North of 
England. The results of this supplementary feeding of 
11,618 women have now been reviewed (Balfour, 1944). 
There were 8,095 women who acted as controls. Each 
woman on the Birthday Trust register received the following 
once a fortnight: either a 4-ounce [about 112 g.] carton of 
“ Marmite ” ^ or similar yeast extract, or, as an alternative, 
an 8-ounce [about 230 cm.®] bottle of “ Minadex.” ^ 


1 Marmite {Marmte Food Extract Co.). A yeast extract, said to be rich in 
{Glaxo Lahoratorict)., Each 2“^ 

e rRiain Ubout 2-6 mg.], copper sulphate * g^n. 


100 



It is estimated that the amounts suppUed were sufficient 
to give the women each day 240 international units of vita- 
min Bj or 13,500 international units of vitamin A and 2,250 
international units of \itamin D. 

The conclusions reached were that there was a significant 
reduction in the stillbirth and neonatal mortaUty rates of the 
fed group as compared with the controls. Maternal deaths 
in the series were too few for any conclusions to be drawn. 

ii. The Toronto feeding experiment has received much 
attention (British Medical Journal, 1943). In this, a group 
of expectant mothers was given the following daily supple- 
ments: 40 ounces [about 1136 cm.’] milk ; 1 ounce [about 
28 g.] cheese, 1 egg, " an average scmng ” of butter and 
meat ; two servings of vegetables in addition to potato ; 
1 orange or half a grapefruit or 5 ounces of iuinalo juice ; 
one half of the cereals and bread were consumed in whole- 
grain form ; 2 teaspoonfuls [about 8 cm.’] of codliver oil or 
concentrated equivalent ; liver once a week, iodized salt or 
medicinal iron was used if indicated, 2 tablcspoonfuls [about 
28 cm.’] of wheat-germ daily. 

Women on a poor diet acted as controls. Those who 
received the above supplements had a reduction of threatened 
and actual miscarriages, premature births, stillbirths and 
toxaemia of pregnancy. Their babies also had less colds, 
pneumonia, rickets and animia. Breast feeding in hospital 
and at home was possible in a greater number of these women. 

iii. The People's League of Health was founded by Miss 
Olga Nethersole in 1917. Its purpose is to improve the 
standard of health both in the community and in the individual 
citizen, and it has striven to effect these ends by the collection 
and distribution of knowledge. The League has stimulated 
and co-ordinated research and spread this knowledge among 
ffie general body of the people. The many subjects in which 
it has interested itself include safe milk, tuberculosis, bread, 
mental welfare, etc. An Investigation was conducted 
between March 1938 and the end of 1939 (British Medical 
Journal, 1942). It was based upon observations on 5,000 
expectant mothers attending 10 London hospitals. One 
half of these women received supplements of calcium, iron, 
iodine and vitamins- A, B, C, D before the 24th week of 
pregnancy. These were continued until delivery. The 
most significant findings were the reduction of prematurity 
and toxsemia of pregnancy. 

There findings are important for t^vo reasons: (i) by 
reduction of prematurity, infant mortality would be lowered, 
as 50 % of infantile deaths under one month are due to 
prematurity, (ii) by reduction of toxreim'a (1-8% in the 
treated group) it is estimated that, on the basis of the annual 
number of births (approximately 600,000 in the immediate 
pre-war years in En^and and Wales), there would be 10,000 
fewer cases of tox$niia in the year. 

iv. Utheim-Toverud (1939) at a rural health centre in 
Norway was able to reduce prematurity and toxsmia of 
pregnancy and to improve lactation by the proper feeding 
of expectant and nursing mothers. There was a marked 
diminution in the incidence of rickets among the children of 
those women who attended the centre. Utheim-Toverud 
emphasises the importance of oranges and cod-liver oil in 
the maternal diet, with supplements of iron if indicated. 
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Practical Measures for the Improvement of 
Maternal Nutrition 

i. Food Advice Bureau. One of the primary functions of 
workers in maternity and child welfare clinics is the super- 
vision of diet. By estabh’shing a Food Advice Bureau in 
the waiting-room of the clinic, mothers can be instructed as 
to what to buy, how to buy, and what to do with the food 
when bought. Such a bureau was estabUshed by the writer 
(Nixon, 1942) at the Soho Hospital for Women, London, in 
1941. Other hospitals have since started similar bureaux, 
and this service is proving most popular. It is essentia] that 
the demonstrator should prepare the food in front of the 
women. She should discuss their feeding problems in a 
simple and practical way. The mothers make notes, ask 
questions, taste the food and collect Ministry of Food 
recipes, until it is their turn to be examined by the doctor. 
The demonstrator should act as an adviser, and not as a 
teacher of the academic kind. The ideal would be to have 
communal feeding at the clinic. Women of the poorer 
classes, particularly those of younger years, are only too 
willing to be educated in health matters when these are 
explained simply and the benefits that accrue to them and 
their babies are emphasised by a doctor or a nurse. It is for 
this reason that the Food Advice Bureau should be linked with 
the antenatal and postnatal clinics. 

ii. Distribution of dietary supplements. In Britain, the 
Ministry of Food has wisely taken control of the distribution 
of food. By its priority and rationing schemes expectant 
and nursing mothers and children have extra milk, eggs and 
meat. From the clinics can be obtained orange juice and 
cod-liver oil. In this way these important population groups 
are being protected from the effects of war-time restrictions 
of food. 

iii. Elimination of nutritional anxmia. Mackay, Wills, 
Dobbs & Bingham (1942) have brought forward evidence, 
that anasmia in babies is in part the result of anamia in their 
mothers during pregnancy. Anamia in an expectant mother 
should be corrected before she starts labour. There are 
many clinics now in which iron is prescribed as a routine 
during pregnancy. It is difficult in war-time to estimate the 
hamoglobin of every pregnant woman, and the alternative 
is to give iron. Ferrous sulphate tablets is the usual form 
in which it is administered. 

Nutritional anamia is a common cause of poor health in 
women and children and results in lack of mental and physical 
vigour. It is a disease that can be prevented by means which 
are obvious, namely, proper feeding. 

Diet has become one of the most important aspects of 
public health and nutrition has become a sodal obligation as 
important as sanitation, education and the relief of destitu- 
tion. All those responsible for the health of expectant and 
nursing mothers must interest themselves in the practical 
aspects of diet. By precept and example, the elementary 
prindples of proper feeding can be inculcated. In this way 
the mothers can be guided so that they themselves will con- 
tribute to one of the greatest measures in pubUc health- 
proper nutrition. 
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AN INVESTIGATION OF THE EFFECT OF ERGOT 
ALKALOIDS IN PROMOTING INVOLUTION OF 
THE POSTPARTUM UTERUS 

by C. Moir & C. Scott Russell, Journal of Obstetrics and 
Gyncecology of the British Empire, 50, 94-104, April 1943 

In this paper from the Nuffield Department of Obstetrics & 
Gynaecology, Oxford, the authors first review the history of 
the medicinal use of ergot. 

Ergot and its Alkaloids 

Ergot of rye administered by mouth stimulates uterine 
contraction. This fact was known as far back as 1582. 
Its use, however, by the medical profession dates from 1808 
when Ae New York Medical Repository published a letter 
by Dr. John Steams in which he praised the value of a decoc- 
tion of ergot powder for hastening lingering parturition. 
Following this lead, the medical profession quicldy accepted 
the new drug, using it sometimes wisely, but often dangerously, 
as contemporary writings show. Before long the “pulvis ad 
partiim" was renamed the “pulvis ad mortem" : it had 
become evident that the “incessant and urgent” uterine 
contractions stimulated by incautious use of the drag could 
lead to foetal asphyxia or even to rupture of the uterus. 
These were bitter experiences, but the lesson was well learned, 
and at the present day ergot is not given in normal cases till 
after expulsion of the foetus. 

In 1906 Barger and Dale isolated and described ergotoxme, 
and at an early date Dale discovered that the alkaloid 
was capable of counteracting the efiects of sympathetic 
stimulation. 


In 1918 ergotamine was isolated by Stoll. More recently, 
the senior author of the present paper showed (Moir, 1932) 
that crude ergot extracts, which had been regarded by 
pharmacologists as inert, had a definite action on the puerperal 
uterus. Further investigations resulted in the isolation of a 
new alkaloid to which the name “ ergometrine ” was given by 
its discoverers (Dudley & Moir, 1935 ; Dudley, 1935). In 
the U.S.A. the name ergonovine was applied to the new 
alkaloid, which is also marketed under several trade names. 

Though five alkaloids of ergot have been isolated and no 
less than fourteen molecular complexes described, the active 
alkaloids can be simply arranged. There is, on the one hand, 
the group represented by ergotoxme and ergotamine. These 
alkaloids are very sparingly soluble in water, are slow to act, 
especially if administered by mouth, but, once absorbed, are 
rather persistent in effect. If given in exc^s, they produce 
various toxic symptoms, notably the peripheral gangrene 
which characterises chronic ergot poisoning. Standing in 
sharp contrast is ergometrine. TTiis alkaloid is readily 
soluble in water, is remarkably quick in action even if given 
by mouth, and is non-toxic in dosage greatly exceeding that 
used in clinical practice. 

These alkaloids have the effect of stimulating powerful 
contractions in the uterus at first of short duration but 
following each other in such rapid succession that the uteras 
as a whole has no time to relax and a state of spasm prevails. 
Later, as the effect diminishes, individual strong contractions 
alternate with intervals of relaxation. 

Uses in Obstetrics 

There are two main uses of ergot in obstetrics. One is to 
stimulate uterine activity in cases of postpartum haemorrhage ; 
the other is to promote— so it is supposed— the jnvoluUon ot 
the postpartum uterus. For the first indication, the value 
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of the drug has been amply proved ; for (he second indication, 

■ uncertainty rccarding its usefulness still prevails. Tlic present 
authors report fresh observations on the rate of involution of 
the postpartum uterus and the possible influence of repeated 
ergot administration. 

Effect on Height of Puerperal Uterus 
Some years ago (1936 & 1937) patients delivered at the 
British Postgraduate Medical School (Hammersmith Hospital) 
were divided into 3 groups in order to determine whether 
ergot therapy would influence the involution of the uterus. 
The patients in the 1st group were given ergometrine 0-5 mg. 

, by mouth 3 times daily for the 1st week of the puerperium. 
Those in the 2nd group received ergotamine (“ femergin ") 

1 mg. 3 times daily by mouth for a similar period, and those 
in the 3rd group were observed as controls. From 589 case 
records that were found suitable for analysis, the heiglit of the 
uterine fundus above the s>'mph>'sis pubis on the 2nd, 4th, 
6th, and 8th daj-s was noted and the arithmetical means for 
the 3 groups of patients were obtained. Tlie standard 
deviations in all 12 sub-groups lay between 0-6 and 0-8 
inch (1 inch = 2-54 cm.]. 

By subtraction, the average involution of the uterus in 
successive 2-day intervals was obtained ; the difference be- 
tween corresponding figures in the 3 groups never exceeded 
1/10 of an inch. 

These findings were of considerable interest ; they were, 
however, open to the serious criticism that the measurements 
hadnot been made by one observer throughout. It was, there- 
fore, decided that further and more accurate measurements 
should be made. This latter investigation was made in the 
Badcliffe Infirmary^ Oxford. The subdivision of cases vvas 
similar to that used in the earlier experiment, but to ensure, 
as far as possible, that the bladder and rectum were empty, 
each patient had received special preparation. On the 2nd 
morning an enema was given and the height of the uterus was 
measured immediately after the bowel and bladder had been 
emptied. On the 3rd night an aperient vvas given, followed 
by a further enema next morning unless the bowel had already 
been satisfactorily emptied. The bladder vvas again emptied 
immediately before the uterus vvas measured. The same 
preparations were made before the 3rd measurement. If 
there was any suspicion that either the bladder or rectum 
had not been emptied, the patient was considered unsuitable, 
and the readings were discarded. 

Four^ difiiculties quickly became apparent. The first 
3 pertained to the measurements, the last to the condition of 
the bowel and bladder. 

!• It is impossible to measure the height of the uterus 
above the^ symphysis pubis more accurately than to the 
nearest J inch ; to obtain even this precision a thin subject 
is necessary. In some cases the uncertainty amounts to 
nearly 1 inch. 

uterus can be moved downwards or upwards in 
e abdomen, sometimes by as much as I inch, 
ui. Towards the end of the 1st week of the pue.rperium 
^ cases, tilts backwards ; it is then more 
cult to measure its height than it vvas in the early days of 
the puerperium. 

and M ^ always possible to be certain that the bowel 
bladder have been completely emptied, however carefully 
is prepared. The last-mentioned diflScuIty 

mustrated by a chart showing the distortion of the uterine 
0 uuon curve by the varying fullness of the rectum, 
omparwon between the average height of the uterus 
; Yol 2-day intervals showed a similar rate of in- 

; on in the 3 groups. These observations, therefore, 

- j S"'® any support to the usual beUef that ergot, 

^ otiuiustered over a period of days, hastens uterine involution. 

I Effect on Lochia 

^ brgometrine and of ergotamine on the amount 

■ nnmf 1 lochia was also studied. Consecutive 

di<^i^ divided into 3 groups as before. All 

bowl? j^^^ary pads were placed by the nurses in special 
hour ®^anMed personally at approximately the same 

f It aiorning. Over 100 cases were recorded. 

'■ hardl"^ - 1 °°? discovered that some women after childbirth 

^ vvhpn^ _samtary pads, most of the lochia escaping 

1 bed-pan is used for the purpose of emptying the bowel 


or bladder. Examination of the pads alone may thus give 
an entirely false impression of the amount of lochia passed. 
The co-operation of the nursing staff vvas, therefore, obtained, 
and each time a bed-pan vvas used an entry was made on a 
special chart recording whether the lochial discharge vvas 
absent, scanty (small clots), moderate (medium clots), or 
profuse (large clots). While this arrangement had the 
disadvantage that the charts were filled by different observers 
each day, it vvas a decided improvement on the methods 
employed in any previous investigation of which the authors 
have knowledge. From the pads personally inspected and the 
special charts kept by the nursing staff, a reasonably reliable 
record of the amount and character of the lochia passed during 
the previous 24 hours vvas obtained. 

The following guarded conclusions were drawn: 

i. The normal variation in the quantity and character of 
the lochia is very great. 

ii. The practical difficulties in collecting all the discharge 
and in estimating its amount are so numerous that, 
unless wide variation is constantly observed, records 
of lochial discharge do not give any trustworthy 
indication of the effect of drugs on the uterus. 

iii. Administration of ergometrine did not produce 
any constant change in character or quantity of the 
lochia. 

iv. Administration of ergotamine (“ femergin ”) did not 
produce any constant change in character or quantity 
of the lochia. 


Discussion 

The authors then discuss briefly certain recent papers (Der 
Bnicke, 1935; Davis, Adair & Pearl, 1936 ; Kushner & 
Wahrsi'nger, 1938 ; Lounsbury, 1940) purporfing to support 
the long-held view that ergot administration promotes 
uterine involution. In all the examples they believe that 
the claims made have not been substantiated. In no ^ 
does it appear that the difficulties of the investigation had 
been folly appreciated, nor is there evidence of adequate 
safeguard against the inclusion of fallacious recordings. 

Involution should be regarded, not as the disuse-atrophy 
of an unwanted organ, but as a physiological proi^s re- 
quiring an imimpeded blood supply. If at any stage 
Sie puerperium activity is forced on tte utei^, 
involurion of that organ may weU be 
active muscle does not atrophy. The 
about a series of contracUons so rapid that 
as a whole has no time to relax, ^ach muscle-fibre 
however, performing many times its previous ainoMt rf 
work It is a mistake to suppose— as is sometimes done 
that ergot causes the uterus to become firm m an inactive 
or static sense Uterine muscle is not leather in a tanner s 
vat : itTs living tissue, and a “ finning ” is the result of greatly 

increased work of muscle-fibres. _ cr 

Those who prescribe a course of ergot to 

from puerpera^uterine infection do so in ffie 

the dreg v^ check any tendency to sub-mvoluUon, and that 

it vn\\ expel infected material from the utenne cayjp- 

reversed for a septic uterus. reduced there will 


lusions continued administration of 

.e long-held belief uterine involution 

; favourably influences the parted in this 

ves no support from the mv . tffioughout the 

r. The practice of "jjupgjfect understanding 

perium appears to anse froni ^ hand, and 

le nature of the uterme is little 

le mode of action of ®tgo o ^ ^ j-pj. 

)t that v-ast floonUUes of tte tog 

- r pI 
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stress, importation of ergot is in many countries difficult and 
uncertain ; there is, therefore, urgent need to conserve the 
existing supplies of this essential drug. 
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THE RESPONSE OF ISOLATED MUSCLE-STRIPS 
FROM THE UPPER AND LOWER SEGMENTS OF 
THE HUMAN FULL-TIME PREGNANT UTERUS TO 
PITRESSIN AND TO PITOCIN 

by C. Scott Russell, Journal of Obstetrics and Gyncecalogy of 
the British Empire, 50, 287-298, August 1943 

Though the vasopressor and the uterus-stimulating (oxytocic) 
activities of the posterior lobe of the pituitary have long been 
known, there is still doubi as to whether the posterior lobe 
contains one or more hormones. Since the claim was made 
(Kamm, Aldrich, Grote, Rowe & Bugbee, 1928) that the 
vasopressor and oxytocic principles had been separated 
almost completely, commercial preparations — “pitressin” 
and “pitocin” — have been widely used in clinical practice, 
the former as an intestinal stimulant and anti-diuretic, the 
latter as a uterine stimulant especially in the cases of 
pregnancy toxaemia (for which the absence of pressor and 
anti-diuretic properties is clearly an advantage). 

Posterior lobe extracts are standardized for oxytocic 
activity by comparing the effect on the excised uterus of a 
''’’rgin guinea-pig with that of a solution of international 
mdard powdered pituitary, i mg. of which corresponds to 
le oxytocic unit. One mg. of this standard preparation 
ould be considered as containing two pressor imits. 

While studying the effect of drugs on isolated muscle strips 
ken from the human full-time pregnant uterus at cresarean 
:tion the present author, working in the Nuffield Institute 
r Medical Research, Oxford, observed that pitressin was a 
ore powerful uterine stimulant than pitocin. A striking 
fference between the reactivity to posterior pituitary 
tracts of the upper and lower uterine segments was also 
uL/served. 

Method. Highly purified pitressin and pitocin prepared 
for research purposes were used unless otherwise stated. 
Short strips were suspended in oxygenated Locke’s solution 
at a temperature of 37° C. and contractions were kymo- 
graphically registered. Though the form of the tracing 
varied, the response to a particular preparation was reason- 
ably constant ; this confirms the findings of other workers. 
Either an increase in tone, or an increase in the frequency 
or extent of the individual contractions, was judged a motor 
response.- 

All the muscle strips were from patients not yet in labour. 
Those from the lower uterine segment were taken from well 
below the attachment of the loose peritoneum ; those from 
the upper uterine segment were taken from above that level. 

When a muscle strip from the lower uterine segment and 
one from the upper uterine segment (both from the same 
human uterus) were suspended in the same bath and tested 
together, pitressin was about 25 times more effective than 
pitocin in causing contraction. The pitocin, however, con- 
tained a residual pressor content equivalent in pressor units 
to l/25th of the oxytocic activity in oxytocic units; these 
results could therefore be explained by assuming that most, 
if not all, of the oxytocic activity for the isolated human 
uterus is associated with the pressor principle. Strips from 
the lower uterine segment were many times more sensitive 
to posterior lobe extracts than those cut from the upper 

segment. , . . 

When the two pituitary preparations used in these expen- 
raents were re-tested in the same apparatus, by comparing 
their effect on the isolated uterus of a virgin guinea-pig, 
the pitocin had at least 10 times the oxytocic activity of 
the pitressin. The fractions thus responded normally to the 
orthodox method of standardisation. 


Summary of findings, (i) The response to pitocin and to 
pitressin of different muscle strips from the same part of the 
human uterus was reasonably constant ; (ii) there was no 
demonstrable difference between the response of strips from 
the same uterus containing a preponderance of circular or of 
longitudinal fibres ; (iii) muscle strips from the lower uterine 
segment were sensitive to pitressin, reacting with a motor 
response ; in contrast, those from the upper uterine segment 
showed no such response to pitressin ; (iv) on the isolated 
uterus of a virgin guinea-pig, pitocin was found to be at 
least 10 times more powerful as a uterine stimulant than 
pitressin. 

Conclusions. The pituitary fraction (pitocin) chiefly re- 
sponsible for the motor effect on the isolated virgin guinea- 
pig’s uterus has a negligible effect on the isolated full-time 
pregnant human uterus compared with that of the fraction 
(pitressin) which raises the blood pressure of an anresthetised 
dog. 

This reversal of effect may be of the greatest importance, 
as extracts of the posterior lobe of the pituitary, which may 
be used in the induction of labour in women, are at present 
standardized for potency against the uterus of the virgin 
guinea-pig. 

As the pressor, anti-diuretic, and oxytocic activities of the 
posterior lobe of the pituitary are present in pitressin, it may 
be claimed that, as far as the human subject is concerned, the 
evidence suggests that a separation of the pressor and anti- 
diuretic principles from the oxytocic principle has not been 
effected. Pitocin, however, has a greater oxytocic activity 
than pitressin on the isolated virgin guinea-pig uterus. It 
appears, therefore, that two powerful oxytocic principles, 
differing in their biological activities, have been obtained 
from posterior lobe extracts. Whether these two principles 
are similar or dissimilar in composition is a question that 
cannot as yet be answered. The results of these experiments 
demonstrate the importance of testing on the human uterus, 
or on the uterus of an animal which shows the same qualita- 
tive response, oxytocic substances for use in human obstetrics. 

Seven kymographic tracings are reproduced in the original 
paper. 
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EFFECT ON THE UTERUS OF EXTRACTS OF GORSE 
{ULEX GALLll) 

by W. Smith & A. Wilson, British Medical Journal, 2, 322-324, 
11/9/43 

In parts of England an infusion of gorse (Ulex gallii) is a 
traditional remedy for retained placenta in the cow. A 
demonstration of its efficacy led the authors, from the 
Departments of Bacteriology and of Pharmacology, Uni- 
versity of Sheffield, to test its effect on the isolated and intact 
uterus of certain animals, including man. 

Terminal shoots of gorse from several bushes were passed 
through a farm hay-chopper and then through a hand tissue- 
grinder. Of the resultant coarse powder, 250 g. were boiled 
gently for half an hour in 2-5 litres of distilled water. The 
infusion was strained and filtered. A clear greenish-brown 
filtrate with a characteristic odour and acid to methyl red was 
obtained. Saturated solution of basic lead acetate was added 
until there was no further precipitation, and the precipitate 
was discarded. The filtrate, after removal of lead as lead 
sulphide, was reduced to about ^ volume by distillation 
at 60-65° C. under reduced pressure. To this concentrate 
9 volumes of absolute alcohol were added. A flocculent 
precipitate formed almost immediately, and was discarded. 
The alcohol was removed from the filtrate by distillation, 
leaving a brown viscous fluid together with gummy material 
adherent to the sides of the distillation flask. The gummy 
material dissolved readily in distilled water, and the flask 
washings were used to make up the total volume to exactly 
volume of the original infusion filtrate. _ 

The extract obtained caused tonic contraction of the virgin 
and the pregnant guinea-pig uterus. The parturient guinea-pig 
uterus reacted with a contraction of short duration followed 
by prolonged abolition of uterine tone. Reactions sirnilar 
to those of the isolated virgin guinea-pig uterus were obtained 
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from the isolated uterus of the virgin cat, the isolated uterus 
of the dog, and uterus of the pregnant full-term cow. The 
muscle strips from the upper segment of the full-term 
pregnant human uterus reacted with a motor response. 
Muscle strips from the non-pregnant human uterus reacted 
with a short contraction followed by inhibition of tone and 
sometimes relaxation. 

Intra-peritoneal inoculation of 3-5 g. of the extract killed 
mice within a few minutes, whereas 0-35 g. and 0-7 g. caused 
temporary distress with laboured respiration followed by 
recovery. Toxic doses appeared to cause spasm of the 
bronchioles. 

The authors discuss methods of further purification of 
extracts, and conclude that extracts of gorse contain a sub- 
stance or substances whose dominant action is that of uterine 
contraction, as demonstrated on the uterus of several species 
including the pregnant woman near full-term. 
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A PRINCIPLE IN RASPBERRY LEAVES WmCH RE- 
LAXES UTERINE MUSCLE 
by J. H. Bum & E. R. Withell, Lancet, 2, 1-3, 5PI41 
Infusion of dried raspberry {Rubus ideeus) has for long had 
a popular reputation as a means of facilitating childbirth. 
This paper, by the Professor of Pharmacology at Oxford and 
the Head of the Pharmacy Department of the Central 
Technical College, Birmin^am, reports pharmacolo^cal 
experiments on the cat and rabbit uterus in situ, and on the 
isolated dog, cat, rabbit and guinea-pig uterus, which showed 
that dried raspberry leaves contain a principle (or principles) 
which can readily be extracted with water, and which causes : 

a. relaxation of the cat uterus when it is in tone, both in 
situ and suspended in a bath ; 

b. contraction of the rabbit uterus in situ, and of the 
isolated cat, rabbit and guinea-pig uterus when these 
are not in tone. 

Details of the experiments are &ven, with reproductions 
of 3 kymographic tracings. Observations on the efiects of 
the infbsion on intestine, spleen, and vascular system are also 
reported. 


Pregnancy Toxsemia 

VITAMIN Bi AND TOX/EMIA OF PREGNANCY 
by R. Kapeller-Adler & J. A. Cartwright, Edinburgh Medical 
Journal, 50, 305-314, May 1943 

During recent years, some authors have claimed that vitamin 
Bi deficiency is an retiological factor in pre-eclamptic 
toxsmia. R. Kapeller-Adler, in whole-time service of the 
Medical Research Council, and J. A. Cartwright,. the holder 
of the Vans Dunlop Research Scholarship for Obstetrics in 
the University of Edinburgh, 1941, report an investigation 
of this claim. A short summary of recent papers on vitamin 
Bi in the treatment of the pregnancy toxremias shows that 
there is considerable doubt as to its efiScacy in hyperemesis 
gravidarum, neuritis of pregnancy, and pre-eclamptic toxaemia. 

For the present investigation, carried out at the Royal 
Infirmary, Edinburgh, two groups of patients were chosen : 
ti) cases of mild and (li) cases ofsevere toxaemia of pregnancy. 
The authors treated them with vi tamin Bj, 25 mg. the first 
day and 10 mg. on the succeeding 9 days. In 4 patients 
with mild toxamia there was no improvement; 3 cases 
of severe toxaemia became worse. Although these results 
were so discouraging, the investigations were continued in 
an attempt to determine why the vit amin B^ thwapy had 
not improved, and in severe cases appeared to have intensified, 
the signs and symptoms of the pre-eclamptic toxaemia. 
The authors sought a biochemical explanation and considered 
the possibility that histamine metabolism in pregnancy 
might play a significant role in vitamin B^ therapy. 

It has been demonstrated (Kapeller-Adler & Adler, 1943) 
that histidine and histamine play an important part in normal 
and toxaimic pregnancy. In normal pregnancy, considerable 
amounts of histidine and only traces of histamine are found 
in the urine, whereas in the toxannias of pregnancy the 


findings are different. 27 cases of h)T)eremesis and mild 
pre-eclamptic toxaemia were found to have normal or slightly 
diminished histidine excretion and considerable histaminuria : 
in contrast, in 10 cases of severe pre-eclamptic toxcemia and 
eclampsia, histidine and histamine were absent in the urine 
or were present only in traces. Kapeller-Adler suggested 
that histamine might be formed from the histidine present 
in large amounts by the activity of histidine decarboxylase. 
In normal pregnancy most of the histamine formed is 
presumably destroyed by histaminase, only traces escaping 
and being excreted in the urine’. In rnilder cases of toxsmic 
pregnancy, e.g. in hyperemesis gravidarum and in nuld 
pre-eclamptic toxamria, the activity of the histaminase may 
be impaired and more histamine may escape and cause 
various kinds of intoxication ; much of it, however, seems 
to be eliminated in the urine. 

In severe cases of pre-eclamptic toxaemia and in eclampsia, 
a condition may arise where the activity of the histidine 
decarboxylase may be increased, whereas that of the 
histaminase may be completely inhibited. Thus most of 
the histidine appearing would be converted into histamine, 
which might then cause considerable damage to the vital 
organs, especially the liver and kidneys. The damaged 
kidneys would lose the ability to excrete histidine and 
histamine, which then would be completely retained in the 
tissues. Another possibility is that a simple failure to excrete 
histidine by a damaged kidney might, by exposing histidine 
longer than usual to the decarboxylase, cause extra histamine 
production and hence still more marked toxic effects. 
Although the presence of histidine decarboxylase in the body 
of pregnant women has not yet been proved, this is being 
investigated in the authors’ laboratory. Histaminase has, 
however, been reported (Marcou, 1937 ; Werle & Eflfkemann, 
1940; ihUer, 1941) in the serum and in the placenta of 
pregnant women. It has also been found that vitamin Bj 
(aneurin) inhibits the activity of the en 2 yme. If equal 
quantities of aneurin and histamine are present in a solution 
the oxidative destruction of the latter does not take place, 
as the afiSm'ty of the aneurin for the histaminase is at least 
twice that for histamine. A further 12 cases of toxamia 
were studied and it was observed that the histaminuria fell 
during treatment with vitamin Bj, only to rise to the previous 
level when treatment ceased, except in 2 cases of severe 
toxffimia. 

The authors put forward the following explanation for 
the surprising fact that in the cases of mild and severe pre- 
eclamptic toxaemia rmder treatment with aneurin the 
histaminuria decreased. The aneurin in the circulation 
interferes with the action of histaminase leading to an 
increased blood histamine level ; there results further 
damage to the kidney, already suffering from the increased 
formation of histarnine characteristic of both mild and 
severe pre-eclamptic toxemia, and the excretion of histamine 
falls. They stress the absence of evidence in the literature 
to support the view that vitamin B^ deficiency does in fact 
exist in toxsmia of pregnancy. Taking into consideration 
the afBnity of vi tamin Bj for histaminase, the authors believe 
that the therapeutic use of vitamin Bi in toxanua of pregnancy 
should be discouraged. 
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REACTIONS TO PRESSOR SUBSTANCES IN NORMAL 
AND TOXiEMIC WOMEN 

by F. J. Browne, Journal of Obstetrics and Gyrurcology of 
the British Empire, 50, 254-259, August 1943 
An investigation by Schockaert & Lambillon (1937) of tbs 
effect of intravenous injection of tonsphin (an c.xtract of 
the posterior pituitary lobe) showed that in (i) normal non- 
pregnant women, an average rise of 45 mm. Hg occurred in 
the s>’stolic blood-pressure. In (ii) normal pregnant women 
in the last trimester the corresponding rise was 13 mm. Hg. 
while in (iii) patients with pre-eclamptic toxasnia it was 
55 nun. Hg. General reactions dificred considerably in the 
3 groups. In group (0 the phenomena were very severe. 
Some seconds after the injection there was extreme pallor 
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with cyanosed lips, accelerated respiration, dyspnoea, and an 
indefinable sense of malaise, followed by nausea and even 
vomiting, and abdominal pains, with desire to empty the 
bowels and pass urine. There were often cold sweats with 
small feeble pulse. These phenomena lasted for 7 to 8 
minutes and then gradually passed away. In group (ii) general 
reactions might be absent or less severe, disappearing quickly 
— ^usually in 2 or 3 minutes. Shockaert & Lambillon con- 
cluded that the senun of the normal pregnant woman must 
contain some substance antagonistic to tonephin. In group 
(iii), the general reaction was less severe than in group (i), but 
more severe than in group (ii). It was also found that, by the 
8th day of the puerperium, the rise of blood-pressure and the 
general reactions were similar to those obtained in group (i). 

In the same year Dieckman & Michel (1937) published the 
results obtained by subcutaneous injection of pituitrin in 16 
normal and 19 toxaemic women. In the former an average 
rise in the systolic pressure of 1 1 mm. Hg was obtained, while 
in the latter the average rise was 51 mm. Hg. Because of 
thesd^ and other findings, the authors concluded that the 
posterior lobe of the pituitary was concerned in the causation 
of toxaemia. Similar findings to those of Shockaert & 
Lambillon were published by de Valera & Kellar (1938). 

TTie author of the present paper, who is Professor of 
Obstetrics and Gynaecology in the University of London and 
Director of the Obstetric Unit at University College Hospital, 
decided to repeat the experiments personally. Blood pres- 
sures were taken with subjects recumbent, and as long as 
possible after a meal. Estimations were repeated at more or 
less frequent intervals for 30-40 minutes until the base level 
was reached, when the pulse rate was also recorded. Tone- 
phin (0-66 cm.®) was then slowly injected intravenously. 
Systolic and diastolic blood-pressures were recorded, first 
at intervals of about 30 seconds, and later less frequently, 
until the base level was reached. Throughout the experiment 
the objective reactions were noted, including the p^se-ratc. 
The patients were also questioned regarding their sensations, 
n a proportion of all except the puerperal patients, cold 
iressor tests (by putting the hand and forearm in an ice bath) 
rere also carried out for purposes of comparison. Finally, 
ti many of the patients tonephin tests were repeated in the 
luerperium — in some, on two or three occasions. As the 
xperiments have occupied the last years they extended 
iver the worst periods of the air attacks on London, and as 
aany of the women were evacuated to distant places in the 
ountiy prolonged follow-up in the puerperium was often 
npossible. 

The most important results may be summarized as follows : 

Normal non-pregnant women. In each of 24 patients 
who had never been pregnant, the day of the menstrual cycle 
on which the test was made was noted, but this did not 
seem to have any constant or striking influence in the result 
obtained. The mean systolic rise was 21 • 3 mm. Hg (standard 
deviation, 9). 


Normal pregnant women. Of 20 cases, most were at or 
near term and none was rmder 35 weeks. All were healthy 
before pregnancy, none had albuminuria or oedema at any 
time, and the highest blood-pressure reached during preg- 
nancy had not exceeded 130/70 mm. Hg. The mean systolic 
rise was 33-2 mm. Hg (standard deviation, 13-3). 

Pre-eclamptic toxcemia. The mean systolic rise in 20 cases 
during pregnancy was 54 mm. Hg (standard deviation 19-1). 
Tn many cases the rise was maintained in the puerperium. 

Pregnancy with chronic hypertension. Eight tests on 7 
patients in whom chronic h^ertension had existed before 
pregnancy. The mean systolic rise was 53 mm. Hg (standard 
deviation, 11 ’4). 

Normal puerperal women. Of the 20 cases none had 
suffered from pre-eclamptic or any other form of toxaemia 
during pregnancy,' and the blood pressure had not, at any 
antenatal examination, exceeded 130/70 mm. Hg. The test 
was done on the 5th-17th day of the puerperium. The mean 
systolic rise was 48*2 mm. Hg (standard deviation, 10 '75). 

Discussion. These results differ materially from those 
obtained by Shockaert & Lambillon. One of the most 
striking differences is in the increases of systolic pressure m 
normal non-pregnant and normal pregnant women. Evi- 
dence was not found of the presence in normal pregnancy of 
the (anti-pressor) substance postulated by other authore. 
Indeed, the findings of the present author would seem to 
indicate that a sensitising substance may be present in normal 


pregnancy. In this connection he refers to the production 
by Byrom (1937) of eclampsia-like lesions in rats by injection 
of vaso-pressin. 

All investigators, including the present author, arc agreed 
as to the great and significant increase in systolic pressure 
obtained in pre-eclamptic toxaimia. It is of considerable 
interest to note that theiugh reactions to tonephin in patients 
with pre-eclamptic toxaemia were maintained in one case up 
to the 235th day. The high reactions in the puerperia of 
women who had normal pregnancies were also very striking. 

Although the mean systolic rise with tonephin was similar 
in pre-eclamptic patients and in those with chronic hyper- 
tension in pregnancy, the reactions to the cold test were 
different. In pre-eclamptic toxaemia the reaction to the cold 
test was low (mean systolic rise 19 ’2 mm. Hg) while in the 
chronic hypertensives it was high (46-1 mm. Hg). It is 
possible, therefore, that the cold test might be of value in 
differentiating these two conditions. 

Shockaert & Lambillon emphasised the differences in the 
general reactions obtained in the various groups, especially 
in supporting their view that an inhibitory substance was 
present in normal pregnancy which was absent in the non- 
pregnant. In the present series, reactions were very variable 
and unpredictable, and, as the changes caused were mostly 
subjective, they could rarely be accurately measured. The 
general reaction often seemed to bear little or no relation to 
the amount of the rise in blood pressure. 

References 

Byrom, F. B. (1937) J. Path. Pact. 45, 1 
de Valera, E. & Kellar, R. J. (1938) J. Obstet. Gymec. 45, 815 
Dieckman, W. J. & Michel, H. L. (1937) Amer. J. Obstet. Gynec. 
33, 131 

Shockaert, J. A. & LambiUon, J. (1937) Brux. Med. 17, 1468 


356 

RENAL FAILURE AFTER UTERO-PLACENTAL 
DAMAGE 

by J. Young, British MedicalJournal, 2, 715-718, 19/12/42 

In this paper from the British Postgraduate Medical School, 
the author, who is Professor of Obstetrics and Gynaecology 
in London University, discusses the aetiology of the shock- 
azotmmic state in “ concealed ” accidental haemorrhage. 
He indicates the resemblance between this clinical state 
and the “ crush syndrome ” — a condition seen in air-raid 
casualties in which crushing injuries of the limbs are associ- 
ated with anuria.^' Features in common are : (i) the initial 
tissue damage ; in one condition there is the ischaemic lesion 
of muscle, in the other the lesion involving a large segment of 
the placenta, (ii) In severe cases there is “ shock,” which 
may be immediately fatal. In cases which survive the shock 
there are (iii) anuria or oliguria, and (iv) a rising blood ur^ 
followed by death or, alternatively, by an increasing diuresis 
and eventual recovery, (v) There is a degenerative lesion in 
the kidney, especially affecting the ascending limb of Henle 
and the second convoluted tubule, usually with the presence 
of pigmented blood casts in the tubules. In the crush syn- 
drome the casts consist of myohsemoglobin, in accidental 
hemorrhage (premature separation of the placenta) of hema- 
tin. The clinical syndrome in accidental hemorrhage is in- 
variably combined with the eclamptic phenomenon (pre- 
eclampsia and eclampsia), usually in the form of severe 
albuminuria, hypertension, oedema and blurring of the vision. 

The present paper is based upon the study of 3 fatal cases 
of concealed accidental haemorrhage and of 5 cases in which 
recovery followed renal impairment and azotsmia. The 
author discusses the aetiology under three heads : 

j. Shock. He adduces evidence against the view that the 
renal failure is dependent upon circulatory collapse. In 
59 consecutive cases in which severe haemorrhage at child- 
birth necessitated blood transfusion, the only cases in which 
renal impairment developed were those with accidental 
haemorrhage (5 of 10 cases). Further it could often be shown 
that renal failure might develop in the absence of hypotension 
and even in the absence of all signs of “ shock.” 

ii. Hcemolysis and tubular blockage. It had long been 
known that eclampsia was apt to be associated with hemoly- 
sis and with a renal lesion associated with tubular degener- 
tion and \vith hematin casts in the tubules (Schmorl, 1893 ; 

1 [see BMB'hfor a bibliography on this syndrome.] 
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Brfltt & Schumm, 1918 ; Fahr, 1924 ; Seitz, 1927 ; Dunn& 
Baird, 1933). In the crush syndrome, as ByNvaters & Beall 
(1941) showed, the urine may differ little from a glomerular 
filtrate. This indicated severe damage even in non-obstructed 
tubules and was against the view that the renal failure was 
entirely explained by tubular obstruction. Further, in both 
the crush and accidental haemorrhage states there might be 
tubular degeneration in the absence of casts (e.g., in an early 
case). 

iii. Toxic agent of tissue origin. The present author has 
indicated elsewhere (Young, 1942) that the elimination of 
competing aetiological factors served to direct attention to 
the immediate influence of the massive placental damage. 
It was well known that"^ albuminuric toxasmia and renal 
failure were more frequent in* the “ concealed ” than in the 
“ revealed ” type o^accidental haemorrhage. Young, in 
previous communications (1914 ; 1927 ; 1942), discussed 
thesignificance of /concealment ” in accidental haemorfhage. 
A distinctive feature was that in this condition the damaged 
placenta was “ concealed ” within the uterus and that where 
the circulation' was maintained in the undamaged 'part, with 
resulting fcetal survival, the conditions were such'as to favour 
the escape/into the systemic blood stream of any toxic 
materials generated in the dying area. Young (1942) also 
showed that there was a quantitative relation between (a) the 
severity of the toxsmia, and (6) the mass of the placenta 
involved and the period of foetal survival. This evidence 
formed the basis of the placental hypothesis of the eclamptic 
phenomenon (Young, 1914 et seq.). 

The author has also presented evidence (Young, 1927 ; 
1942) that accidental (retroplacental) hsemorrhage is an ex- 
pression of, and is determined by, an antecedent “ abortion 
taint,” which is usually hormonal in origin. In 20 cases of 
“ concealed ” accidental hjemorrhage, he found azotemia 
in 5, or 25 per cent. Azotemia was rare in pre-eclampsia. 

From the foregoing clinico-pathological study of the syn- 
drome in concealed accidental hemorrhage it is suggested 
that 0) the syndrome is determined by a massive utero- 
placental lesion of ischemic origin, (ii) the renal failure 
characterized by tubular degeneration and azotaemia is 
determined by a toxic material derived from tissue autolysis, 
(iii) the shock element and the hemolysis which are often 
present may have a similar origin. 

References 

Briitt, H. & Schumm, O. (1918) Z. Geburtsh. Gynak. 80, 145 
Bywaters, E. G. L. & Beall, D. (1941) Brit. med. J. 1, 427 
Dunn, J. S. & Baird, D. (1933) J. Path. Bact. 37, 291 
Fahr, "T. (1924) in Die Eklampsie (Hinselmann, H.), 252, Boim 
Schmorl, G. (1893) Path.-Anat. Untersuchungen iiber Puerperal- 

Ekiampsie, Leipzig 

Seitz, L. (1927) Halban-Seitz, Handb. d. Biol. u. Path. d. Weibes, 

7, Teil I, 647, Berlin 
Young, J. (1914) J. Obstet. Gyiuec. 26, 1 
Young, J. (1927) J. Obstet. Gyntec. 34, 279 
Young, J. (1942) J. Obstet. Gyruec. 49, 221 


357 

THE PLACENTA IN ECLAMPSIA AND NEPHRITIC 
TOX4EMIA 

by N. M. Falkiner & J. O. E. Apthorp, Journal of Obstetrics 
and Gyntecology of the British Empire, 51, 30-37, February 
1944 

This paper is based on a study of over 100 toxemic cases 
occurring in the Rotunda Hospital, Dublin. The authors, 
who are the Master and Assistant to the Master in the 
Hospital, have examined placente and have described three 
stages of infarction. First stage, extreme injection of large 
and small vessels in the villous tree, extending to the terminal 
capillaries and associated with narrowing of the intervillous 
spaces. Second stage, obliteration of the intervillous spaces 
with commencing loss of structure. Fcetal blood is still 
seen. Third stage, the whole infarcted area is becoming 
homogeneous in appearance. They claim that the acute 
placental lesion is associated with eclampsia and the chrom'c 
lesion \vith nephritic toxcemia, and describe in detail nine 
case histories ; photographs, with explanatory diagrams, of 
the cut surfaces of 9 placents are included. [Criteria for the 
diagnosis of nephritic toxsmia are not given.) 
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DISCUSSION ON NEW DEVEDOPMENTS IN THE 
INVESTIGATION AND TREATMENT OF STERILITY 
by V. B. Green-Armytage, K. Walker, E. W. Wittkower (and 
others). Proceedings of the Royal Society of Medicine, 36, 
105-112, January 1943 

Childless marriages are not infrequently unhappy partner- 
ships. Any new developments, therefore, in the investiga- 
tion and treatment of sterility are of especial importance both 
to the individual and to the community as a whole. 

At a meeting of the Section of Obstetrics and Gynre- 
cology of the Royal Society of Medicine, the discussion 
was opened by the Gynecologist to the West London Hos- 
pital, the late Professor of Obstetrics, Gynascology and 
Surgery at the University of Calcutta. The importance of 
uterine and endocrine development, and/or the condition of 
the cervix, in cases of primary infertility were compared wth 
the relatively rare finding of tubal occlusion. The speaker 
described two groups each of twenty healthy yoimg married 
women observed over a period of two years. Those in 
Group 1 were persuaded to live an absolutely normal sex 
fife, while those in Group 2 had from the be ginnin g of married 
life made use of chemical douches or occlusive caps with 
medicated pessaries, or they stated that their husbands used 
condoms or adopted coitus interruptus. It was observed in 
the group of women leading a normal sex life, that five cases 
in whom the uterus was normal in size and shape, rapidly 
conceived. In fifteen the uterus and ovaries were palpably 
small and immature ; of these, nine grew to normal size in 
4i to 6 months and conception occurred after an average of 
7i months of married fife. Those women (Group 2) 
practising some form of contraception were examined after 
a period of one to two years. In ten cases the uterus was 
palpably small and hypoplastic and in five there was a small 
annular erosion around the external os. 

These observations suggested that human semen contained 
a substance which, absorbed from the vagina, might assist 
the full development of the female genitafia. Animal 
experiments were therefore carried out in the Pearson Founda- 
tion Research Laboratory under the direction of Professor 
Silberstein at the West London Hospital. The preliminary 
results showed that the intramuscular injection of human 
semen into immature ovariectomized female rats caused 
hypertrophy of the uterus. It was suggested that the sub- 
stance responsible for this effect is probably testosterone or a 
hormone allied to it, as was suggested by Noble (1939). 
Further experiments are required before it can be stated 
whether or not the action of this hormone is local, or central 
through an action on pituitary secretion. 

The conclusion \vas reached that “ anything or any method 
which prevents, retards, or alters the normal degree of 
physiological absorption of human semen from the vagina, 
carries with it during the early months and years of marriage 
the risk of future sterility.” The importance of a viscid, 
opaque, yellow, infected cervical mucus plug as a cause of 
sterility was also stressed. 

The second speaker, who is Surgeon in charge of the 
genito-urinary department of the Royal Northern Hospital, 
London, discussed the importance of the male in sterility, 
and referred to the method of testicular biopsy, which he 
and his co-workers first used to differentiate between cases of 
azoospermia due to a blockage in the ducts and those re- 
sulting from aspermatogenesis. More recently this diag- 
nostic procedure had been extended to other tj-pes of in- 
fertility. Three groups of abnormalities in the seminiferous 
tubules may be distinguished, (i) A limitation in the intensity 
of epithelial actirity which sometimes extends to the reduction 
of the epithelium to a single layer of indifferent cells. 

(ii) Maintenance of epithelial activity with incomplete 
diiferentiation. For instance, sperraatocjtes may be present 
in large numbers but may fail to change into spermatids. 

(iii) The existence of a differentiation which is faulty. Out 
of 77 husbands examined, fertility was satisfactory in 23-4 5^ 
doubtful in 37-6%. markedly impaired in IS-2/J. and in 
20-8 % there was complete sterility. 

The third speaker described the results of a pss’chological 
im-esugation of sterility, and the chaiacterisucs of a person- 
ality tj-pe presailing among sterile women. The sast majority 
of such patients ssere diffident in manner, jusenile, or younger 


107 



than their years in appearance, and without marked secondary 
sexual characteristics. They were often more ambitiously 
dressed than others of their class, or so differently, especially 
in relation to their use of make-up, that their total appear- 
ance could be best described as doll-like. Individuals of 
this type had frequently been the youngest or only children, 
obviously over-attached to the family rather than to either 
parent. Intensely shy, especially with adults, they disliked 
school because of the roughness of other children and pre- 
ferred to stay at home, even in adolescence. Many of them 
as adults are interested to an xmusual degree in their personal 
appearance, and obviously desire to attract, but neither 
before nor after marriage have they ever experienced any 
genuine adult sexual feeling. In fact, they are almost com- 
pletely frigid and, corresponding to this, incapable of any 
deep affection. A small sub-group of patients complaining 
of sterility are obese women with strongly marked maternal 
attitudes. The speaker concluded that in a holistic approach 
to the problem of sterility a certain significance must be 
attached to mental factors. 
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SOME RECENT STUDIES AND INVESTIGATIONS IN 
STERILITY 

by A. Sharman, Proceedings of the Royal Society of Medicine, 
37, 67-72, December 1943 

In this paper the author reports investigations on various 
""pects of sterility in women, based on a series of 500 con- 
:utive unselected cases, with additional cases selected for 
ecial reasons. A more detailed account of these investi- 
tions has since been published (Sharman, 1944). 


Estimation of Patency of Fallopian Tubes 
A total of 1003 insuflaations was performed in 480 cases. 

many cases simultaneous kymographic tracings were 
ide. In some cases in which insufflation appeared to 
monstrate non-patency, the later occurrence of pregnancy, 
or a subsequent kymographic tracing characteristic of patency, 
demonstrated that single tests were imreliable. In 2 such 
cases patency was demonstrated only by insufflation under 
ansesthesia. The author dismisses the view that a positive 
second test is due to the therapeutic effect of the first test, 
on the ground that subsequent insufflations in cases in which 
there have been 2 or more previous tests were without effect. 
Other possible causes of reversal of negative first tests were 
investigated, and the author concludes that neither anesthesia, 
nor relation of time of insufflation to phase of the menstrual 
cycle, nor rate of flow of gas were responsible. 

Hysterosalpingography was performed in a number of 
cases for purposes of comparison. There was, in general, 
good correlation of results. In insufflation, the source of error 
is reliance placed upon a single test. In hysterosalpingo- 
graphy it is in the interpretation of the radiographs. 

ii. Anovular Menstruation as Assessed by Endometrial Biopsy 
In 358 cases in which biopsy was performed in the pre- 
menstrual phase, the endometrium showed the normal 
features in 335. In the remaining 23 cases, biopsy indi- 
cated anovulatory cycles, which the author differentiates as 
(a) “ periodically anovular ” and (b) “ constantly anovular.” 
None of these 23 patients became pregnant during the period 
of observation, but pregnancy followed treatment in 2 of 
them. The author concludes that non-ovulation is an im- 
portant cause of sterility, although its incidence is low. 


iii. Endometrial Tuberculosis 

Endometrial biopsy in 392 cases showed unsuspected 
tuberculosis in 20. In a later series of 448 consecutive rases, 
exanunation of the endometrium revealed tuberculosis 
There was therefore tuberculosis in 5 % of 8^ ras«. The 
characters of endometrial tuberculosis have bran discussed 
in detail b) Sutherland (1943), and from his further observa- 


tions it appears that this condition is 15 times more common 
in sterile than in fertile women. A negative biopsy docs not 
exclude endometrial tuberculosis, and its actual incidence in 
sterile women is probably higher than 5 %. In 6 patients 
who were examined over a long period, endometrial tubercu- 
losis was still present after 2i-7i years. No patient with 
endometrial tuberculosis became pregnant. In 4 patients 
on whom thorough curettage was performed, tuberculous 
endometrial infection rapidly recurred. In most cases, a 
history or evidence of previous tuberculosis was obtained.’ 

In 35 cases of endometrial tuberculosis in which insufflation 
was performed, there was occlusion of the fallopian tubes in 
29(83%). 

iv. Causation of Tubal Occlusion 

There is little evidence that gonococcal salpingitis is a 
common cause of tubal occlusion, except in cases in which the 
tubes are palpably thickened. 

On the evidence of (a) histological studies of the pre- 
pubertal tube, (b) insufflation of the tubes in the foetus 
and infant, (c) kymographic insufflation in unselected con- 
secutive series of unmarried women, the author concludes 
that congenital hypoplasia of the tubes is seldom a cause 
of impermeability. 

In view of the relatively high incidence of endometrial 
tuberculosis in sterile women, the high incidence of tubal 
occlusion in patients with endometrial tuberculosis, and the 
known fact that gross infection of the tubes may be present 
without endometrial involvement, the author suggests that 
occlusion due to subclinical tuberculous salpingitis may be 
a cause of sterility in a considerable number of cases. 

Sections of fallopian tube removed in the course of sal- 
pingostomy from 3 women who consented to the operation 
all showed evidence of tuberculosis infection on histological 
examination. 
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INTELLIGENCE AND SEASON OF CONCEPTION 
by J. A. F. Roberts, British Medical Journal, 1, 320-322, 
4/3/44 

There is substantial evidence of a tendency for children 
conceived in \vinter months to be more intelligent than those 
conceived in summer. It has bran generally assumed that 
the explanation lies in an influence of the season upon 
intelligence, and Mills (1941) and other writers have suggwted 
that prospective parents should for this reason plan for \vinter 
conception. 

The author, who is director of the Burden Mental Research 
Department of Stoke Park Colony, Bristol, has examined this 
question on the basis of data obtained from a representative 
sample of 3361 schoolchildren. It was confirmed that 
^vinter-conceived children were, on the average, of slightly 
greater intelligence than summer-conceived children. How- 
ever, when winter-conceived children were compared with 
their summer-conceived brothers and sisters, the difference 
vanished. 

The conclusion of this study is that intelligence (parental) 
influences season of conception, or, in the author’s words, 
that there is “ a tendency for the children of more intelligent 
parents to be conceived slightly more often in winter, those of 
less intelligent parents slightly more often in summer.” 
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PHASES OF MATURATION, FERTILIZATION AND 
EARLY DEVELOPMENT IN MAN 
by W. J. Hamilton, J. Barnes & G. Dodds, Journal of Ob- 
stetrics and Gyncecology of the British Empire, 50, 241-245, 
August 1943 

In this paper, from the Anatomy Department, St. Bartholo- 
mew's Hospital, London, and the Obstetric Unit, University 
College Hospital, London, the authors desenbe an unfertilisea 
human ovum showing the second maturation spmdic. 
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an imsegmented ovum at an early stage of fertilisation, 
and a young chorionic vesicle partially implanted in the 
endometrium. 

The first specimen was recovered at operation by flushing 
the uterine tube on the 17th day of the menstrual cycle; 
ovulation had probably occurred less than 12 hours before. 
The previous cycle was of 30 days’ duration. In the fresh 
state, the ovum was surrounded by several layers of corona 
radiaia cells which were attached to a homogeneous zona 
pellucida. The vilellus was yellowish in colour, uniformly 
finely granular, and completely filled the zonal cavity. It 
did not show the three types of yolk bodies described by 
Lewis (1931), but resembled more closely the second ovum 
described by Pincus & Saunders (1937). 

After fixation and section the ovum was foimd to be at 
the stage of the second maturation spindle. The polar body 
showed scattered chromosomes in its cytoplasm. The ap- 
pearances in this specimen do not support Dixon’s (1927) 
opinion that the second maturation spindle is completed 
before ovulation. 

The second specimen was recovered on the 16th day of the 
cycle from a woman who had previously had a 28-day cycle. 
Coitus had taken place 2 and 4 days previously. In the fresh 
state, the ovum was free of corona radiata cells. The zona 
pellucida appeared as a homogeneous membrane in which 
many completed spieniiatozoa were found. The vilellus, 
which did not completely fill the zonal cavity, showed a 
clearer zone in the centre ; its general appearance was that of 
early degeneration. At one side there were a number of 
granules, probably remains of the polar bodies. 

The third specimen (the “ Barnes ” embryo), an early 
chorionic vesicle partially implanted in the endometrium, 
was found on the 25th day of the menstrual cycle. The 
endometrium in the cervix and in the lower body was hyper- 
trophic and polypoidal. Elsewhere it appeared to be- normal. 
An elevation was just visible in approximately the middle of 
the posterior 'wall. With a low power binocular microscope, 
it appeared as a slightly raised translucent area clearly 
demarcated from the surroimding endometrium; it was 
tentatively diagnosed as a young implanting blastocyst or a 
retention cyst of a uterine gland. 

Microscopical examination of the sections showed an 
early implanted blastocyst. The chorionic vesicle is not 
completely implanted in the endometrium, as part of the 
elevation that projects into the uterine lumen is not yet 
covered by the uterine epithelium. The trophoblastic shell 
is thickest over the deep embryonic region of the vesicle and 
thinnest in the abembryonic region where the uterine epi- 
thelium is absent ; it is difierentiated into a cytotrophoblast 
and a syncytiotrophoblast. The calculated dimensions of 
the vesicle are approximately 0-931 x 0-770 X 0-737 mm. 
In some areas the syncytiotrophoblast had destroyed the 
walls of the blood vessels, allowing the blood to escape to 
a slight extent.. The general appearances closely resembled 
those described by Hertig & Rock (1941). The cytotropho- 
blast is composed of cuboidal cells which, in some situations, 
have proliferated to form irregular masses which project into 
the syncytiotrophoblast ; these projections are the fore- 
rurmers of the primary ■villi. 

The endometrial tissue shows marked oedema, but there 
is no evidence of a decidual reaction. The epithelium seems 
to be resistant, at this stage, to the action of the syncytio- 
trophoblast and the dilated and tortuous glands appear to 
be pressed aside by the expanding vesicle. 

The embryonic disc is convex towards the amni ntic cavity 
and is composed of tall columnar epithelial cells which are 
continuous at the periphery of the disc ■with the amniotic 
ectoderm. This for the most part consists of a layer of 
flattened cells, but in one situation these cells are cuboidal. 
The endoderm is composed of from one to several layers of 
large cuboidal cells with 'vacuoles in their c 3 toplasm. An 
endodemal yolk sac has not yet been formed, but a cavity 
lined with endodermal cells and flattened mesodermal cells 
(Heuser’s, or exocoelomic, membrane) encloses a ca'vity 
which has been designated by Hertig & Rock in their speci- 
mens as the exocoelomic space. In thi<! cavity there is a 
precipitated coagulum. The outer aspect of the cells of 
Heuser’s membrane is continuous with a mesenchymal 
reticulum which fills the trophoblastic vesicle e.xcept where it 
h^ become artificially separated from the cytotrophoblast. 
The age of the embryo is estimated to be from 10 to 11 days. 

The paper is illustrated by 7 photomicrographs. 
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A STUDY OF CRANIOLACUNIA 
by J. B. Hartley & C. W. F. Burnett, Journal of Obstetrics and 
Gytuecology of the British Empire, 50, 1-12, February 1943 
Craniolacunia is the name recently suggested to replace the 
term Likkenschddel, hitherto used to describe a curious and 
striking appearance in the bones of the skull in infancy. 
The authors, who are Consultant Radiologist to the Christie 
Hospital and Holt Radium Institute, Manchester, and Resident 
Obstetrical Officer to the Stepping Hill Hospital, Stockport, 
support the use of this new name because it describes more 
accurately the appearances upon which the diagnosis depends ; 
moreover the word is in accord ■with the approved terminology 
of similar conditions, for example, craniostenosis. 

Cram'olacum'a is characterised by an abnormal develop- 
ment of the bones of the vault of the skuU, in which tluck 
bony bars or ridges are formed on the inner surface of both 
squamous temporal, parietal, and frontal bones, and the 
squamous occipital. These bars run a variable course from 
case to case, sometimes diverging and then converging, 
forming a network so as to enclose between them lake-lflce 
areas, where ossification is diminished or absent and where 
the thickness of the bone is correspondingly reduced. Some- 
times the bars are broad and dense, with the lacunse poorly 
defined or shallow : in other cases (as in hydrocephalic skulls), 
the lacun® are large, very numerous, and relatively deep, 
the bars being of varying thickness. The outer surface of 
the bones is smooth. The lacunar appearance is seen in vivo 
only by radiography. After death it may be seen by radio- 
graphy, trans-illumination, and direct inspection. Ilje con- 
dition may be so marked as to allow confident radiolo^cal 
diagnosis at the 7th month of fatal life, or so slight as to be 
dubious on good x-ray films taken in early infancy. 

The authors descrite eleven new cases. They emphasise 
that the condifion is relatively common, appearing in about 
1 % of all births. They discuss various stiological theories, 
and point out that the evidence presented does not support 
Engstler’s (1905) proposition that the developmental defect 
is due to the dimin ution of blood supply resulting from 
occlusion of the vertebral arteries. They could find no 
evidence that this occurs: moreover, it would not explain 
the frequently associated spinal defect. Cohn (1924), who 
first reported the existence of cram’olacunia in normal infants, 
maintained that it was merely a manifestation of delayed 
development in such cases ; Vogt & Wyatt (1941) ^o 
reported two similar cases. The present authors agree that 
the condition does exist in otherwise normal infants (as in 
one of their own cases), but it cannot be an expression of 
delayed development because the bars and ridges of a cranio- 
lacunar skull in a feetus of 8 months were thicker than the 
bones of the normal skull at term. It is thus a disorder of 
development and not a simple under-development. 

AH observers have stressed the frequent association of 
craniolacunia with other developmental defects such as 
talipes and spina bifida ; the latter may be either myelocele 
or meningocele, single or multiple, small or large, and may 
occur in any region of the spine. Encephalocele is also 
described. 

Doub & Danzer (1934) alone have recorded the presence 
of deformed ribs in a single instance. AH these tvpcs of 
defect have occurred in the present series. No evidence 
was found to suggest that any recognised disease plav-s a 
part in the causation of craniolacunia. 

The most popular explanations of the lacunar changes in 
the vault bones of the skuH are those based upon supposi- 
tion of abnormal pressure bearing upon the developing skull, 
either from without or from within. Kassowitz, who sug- 
gested the theory of e.xtemal pressure, considered that it 
was e.xerted on the skuH during labour and was sufiirient to 
account for the changes observed. Although finding no 
supporters, his suggestion was never rejected, because t..e 
diagnosis of craniolacunia prior to deliverv- had never been 
made. The present series finally disposes of this theory, 
since the definite antenatal diagnosis was made in va-o cases 
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4 weeks and 3 weeks respectively before the calculated date 
of delivery. The theory of increased pressure upon the 
bones from within, by means of increased intracranial 
pressure, was accepted by many authors, from von Reckling- 
hausen in 1886 to Shearer in 1937, and was based on the 
assumption that the lacunfe corresponded to and were pro- 
duced by the cerebral convolutions. However, in 1941 
Vogt & Wyatt doubted whether the developing infantile 
brain, which is gelatinous in consistence at this age, could 
cause convolutional impressions in the skull bones. The 
present authors claim to have completely disproved this 
internal pressure theory because, in one case at necropsy, 
it could be seen that the gyri did not fit into the lacuna: ; the 
bony bars were crossed at all angles by the convolutions and 
the two patterns were entirely dissociated. 

In one case the craniolacunia was of a more pronounced 
character than in the others. There were complete defects 
of ossification, actual perforations being more frequent than 
lacunas. For this exaggerated form of the condition, the 
authors feel that a separate name should be applied ; they 
suggest the term craniofenestria. 

In summarising their findings, the writers claim that the 
material already observed has been sufficient to eliminate 
most of the theories previously suggested to explain this 
condition. In their opinion craniolacunia is a defect in 
which two processes are frequently associated ; the faulty 
ossification of the primitive membranous vault which 
surrounds the early brain, and the faulty chondrification of 
the vertebral bow of the primitive membranous spinal column 
which surrounds the early spinal cord. As with so many 
congenital abnormalities, the cause is at present obscure. 
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iW LIGHT ON THE ORIGIN OF CRANIOLACUNIA 

J. B. Hartley & C. W. F. Burnett, British Journal of 

diology, 17, 110-114, April 1944 

a previous paper the authors (Hartley & Burnett, 1943) 
^.isented evidence against some of the theories on the origin 
of craniolacunia, leaving open the possibility that the con- 
dition might result from (a) a chromosomal developmental 
defect, or (6) a dietetic, vitamin or hormonal deficiency. 

In the present paper they report a case of circumscribed 
craniolacunia which throws some light on the astiology of the 
condition. A woman of 38 was delivered of a stillborn 
foetus. Gross hydrocephalus had been detected before 
labour, and 30 ounces [about 850 cm.^] of cerebrospinal 
fluid had been withdrawn by paracentesis of the foetal head. 
In spite of this measure, there was still considerable hydro- 
cephalus at birth. Examination of the skull bones showed 
the following abnormalities : 

i. Frontal bones. Marked lacunse anteriorly and centrally ; 
little change peripherally and posteriorly, 

ii. Parietal bones. Little change. 

iii. Occipital bone. Much expanded distal portion of 
squamous occipital bone derived from membrane , stunted 
growth and variable density of proximal segment derived 
from cartilage. 

These appearances suggest that the cause of the condition 
was operative only during the early months of ossification, 
and diminished in eSect as the pregnancy proceeded. 
Intracranial pressure could not produce such localised 
changes. The fact that craniolacunia diminishes (and 
probably disappears) in surviving cases is against a develop- 
mental defect. 

The authors conclude that the most probable explanation 
of the cause of the condition is a nutritional defect in early 

pregnancy. 
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THE DIETARY FACTOR IN REPRODUCTION AND 
LACTATION 

by M. B. Richards, British Medical Journal, 2, 418-419 
2/10/43 

The author, writing from the Rowett Research Institute, 
Aberdeen, points out that it is difficult to assess the importance 
of nutrition in infant welfare because there are a number of 
uncontrollable factors other than food which affect the health 
of infants. Using small animals, however, it is possible to 
control the environment and thus obtain more accurate 
figures on the specific effect of a deficient dietary on the 
mortality of young animals. 

The experiments described in this paper are designed to 
determine the effect on reproduction in rats, of supplementing 
a poor human dietary (used as their basal diet) by additions 
of inorganic calcium and vitamin B^, given separately and in 
conjunction ; to test the effect of dried yeast as a source of 
vitamin B^ and other factors ; and, further, to test the 
influence during the breeding period of an increased milk 
intake in addition to these supplements. 

The basal diet employed was the same as that described 
by Richards (1943), and represents the average diet of 
households spending from 3 to 7 shillings a head weekly on 
food. 

The addition of extra milk to the diet was beneficial. The 
weights of the young at weaning and of the mothers after 
weaning were greater than those of animals not receiving 
milk, and there were also more young bom alive per litter 
and a greater proportion of litters of eight were reared. 

The addition of calcium alone to the basal diet increased 
the number of live young per litter and raised the proportion 
of litters of 8 reared. These increases were no better than 
those brought about by milk. The calcium also increased 
the weaning-weight of the young, but not as much as milk. 
The addition of vitamin Bi alone was of doubtful value. 

The addition of calcium and vitamin Bj reduced the per- 
centage of stillborn and increased both the weaning-weight 
of the young and the weights of the does after lactation. 

The addition of calcium and yeast to the basal diet pro- 
duced outstanding results. The number of live young per 
litter and the proportion of litters of 8 reared were greatly 
increased. There was also a considerable improvement in 
the weaning-weight. This was increased still more by adding 
milk to the yeast and calcium. 

The results of these experiments indicate that the yeast 
supplement corrected certain deficiencies in the diet which 
were not corrected by supplying calcium, milk and vitamin Bj. 
They show clearly the importance of the diet in matters con- 
cerning breeding performances in animals in controlled 
environment, and indicate the large part that it may possibly 
play in the problem of infant mortality in human beings. 
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FAILING LACTATION 
by M. Robinson, Lancet, 1, 66-68, 16/1/43 
In this paper the author reviews the physiology of lactation 
and reports observations made on a large series of mothers 
in which there was a failure to continue breast-feeding. The 
normal filling of the breasts is associated with a gradual in- 
crease in the sense of heaviness lasting about 30 minutes and 
ending in a sudden tightness, possibly due to fluid. They are 
emptied in about seven minutes by a rhythmic pumping out 
of the milk at the rate of 60 jets per minute. Pumping occurs 
spontaneously when the breasts are allowed to get over-full 
or when the other breast is stimulated. If the smooth muscle 
found by Swanson & Turner (1941) in animals is present in 
women, the pumping may be initiated by the posterior 
pituitary gland (Schafer, 1913), For 2^ to 3 hours after 
emptying, the breasts excrete no milk in quantity. Schafer s 
work (1914-15) confirms this. 

Lactation may not commence at all, or may fail to oe 
adequate, or may dry up completely at any time during the 
nine months of lactaUon. The amount of breast tissue 
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present varies from woman to woman (Engel, 1941), possibly 
due to deficient secretion of mammogen I and II during 
pregnancy (Mixner, Lewis & Turner, 1940). The gradual 
premature failure of lactation is not a uniform lowering of 
the normal rate of secretion (Tallerman & Hamilton, 1928) 
but is a lengthening of the interval between each filling of the 
breast, as well as a reduction in the amount of milk secreted 
at each filling. The condition is aggravated by muscular 
exercise, emotion and loss of sleep, and is not prevented by 
regular suckling. 

Other women, during the first four months of lactation, 
fail through a continuous lactorrhoea which prevents the 
breasts retaining the milk owing to over-activity of the 
pumping mechanism ; while yet others fail because the 
breasts, during the first six weeks, become over-full of solid 
matter owing to paralysis of the pumping mechanism. 

In 1,100 failures investigated by the present author, no 
cause could be found in 438, and the failures included all 
four types of lactators as defined by Robinson (1942). The 
health of the mother (255), the condition of the infant (136), 
and the environment (91) were the reasons given for weaning. 
By 33 of the mothers the fault was attributed to the breast, 
and by 103 to the nipples. Neither menstruation nor a 
superimposed pregnancy affected the milk secretion. Acute 
illness caused a temporary failure in 48 mothers, and a com- 
plete failure in 59. Prematurity (12), twins (22), and de- 
formities of the infant (7) were associated with a poor milk 
supply. 
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A REFLEX GOVERNING THE OUTFLOW OF MILK 

FROM THE BREAST 

by H. K. Waller, Lancet, 1, 69-72, 16/1/43 

The author discusses two aspects of lactation : 

I. The failure of milk secretion in the early weeks. A close 
association is claimed between early failure and the over- 
loaded state of the breasts which commonly follows the start 
of active secretion. In a series of 52 women, 34 suffered from 
engorgement in the puerperium, and the infants of 24 of these 
were being bottle-fed before the end of the first month. 
With engorgement the outflow of mUk is much impeded and 
may be completely obstructed. The author attributes this to 
lymphatic oedema affecting all the mammary tissues including 
the ducts. The nipple is liable to damage for the same 
r^on, and this occurred in 30 cases in the present series, 
with 3 cases of mastitis. Unless rapidly relieved, overloading 
leads to suppression of secretion by .compression of the 
secretory cells and interference wth their nutrition. 

II . A reflex expelling mechanism. This moves the milk 

fonvard from the recesses of the gland to the larger ducts 
^d sinuses, whence it may be ejected beyond the nipple, 
^e reflex is accompanied by a tingling sensation in the breasts 
kno\TO as the “ draught,” and it seems to be identical with 
the rise of pressure responsible for “ letting down ” the milk 
in animals, shown by Tgetgel (1916) to be over 20 mm. Hg. 
^e rise is sudden and of short duration. In Hammond’s 
fh dislodges the fat-laden fraction of milk from 

the alveoli Md smallest ducts, where it is retained by capillary 
attraction, into the larger tubules and reservoirs. This e.\- 
plains the difference in fat content of fore and hind milk. In 
the cow this difference is most marked in milk withdrawn from 
the first quarter of the udder milked. By the time the fourth 
quarter is milked, the fat has been diffused and the difference 
IS almost obliterated. The fat content of fore and hind milk 
e.\prcssed at the appropriate moment from the human breasts 
s ows the same difference. The author gives the average 
tigurcs of samples from 14 women : 


Fat content 

1st breast 2nd breast 

Foremilk - - -3-4% 4-9% 

Hind milk - - _ 7-6 % 6-8 % 

Rise - - - 4-2% 1-9% 

The milk was withdrawn manually by a techm'que described 
in the original paper. 

The author discusses the significance of the “ draught ” 
reflex, its liability to disturbance and inhibition, and its con- 
ditioning as lactation proceeds. It is not as a rule felt early 
in the first lactation, and it is suggested that this is due to 
overloading of the breasts. The continuance of secretion 
depends on efiective emptying, and the “ draught ” is the 
means by which this is contrived. The child’s suction draws 
the nipple into the position in which milk can be squeezed 
from the sinuses by the action of the mandible. In the 
author’s opinion, conditions favouring reflex emptying would 
repay study ; current rules for feeding may not correspond 
with physiological needs. The figures given are against the 
practice of putting the child to one breast only, in order that 
it should obtain milk of high fat content. This favours 
overloading and involves risk of suppressing secretion. 
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A UNIQUE CONSTRUCTIVE OPERATION 
by V. Bonney & A. H. Mclndoe, Journal of Obstetrics and 
Gynxcology of the British Empire, 51, 24-29, February 1944 
This paper, written jointly by a gynecologist and a plastic 
surgeon, records an operation performed upon a girl of 18 
with congenital absence of the vagina and a double uterus. 
It was decided that an artificial vagina should be made by 
Mclndoe’s (1938) techm'que, using a split-skin graft taken 
from the inner aspect of one thigh, and that the two uterine 
bodies should be joined and a cervix constructed. 

At operation it was found that (i) no cervices were present ; 
(ii) the uterine bodies were very laterally placed and (a) termin- 
ated in a sheet of tissue about i inch [6 mm.] thick which 
appeared to pass into the cardinal ligament on each side, 
(6) lay about 2J inches [6-3 cm.] above the track made for 
the new vagina. 

On opening the uteri, it was found that they contained only 
a slight amount of menstrual blood. The sheet of tissue in 
which the uteri terminated was then divided mesially as far 
down as the vaginal track, which was thus placed in com- 
munication with the abdominal cavity. The cut inner 
aspects of the uteri were then trimmed and the posterior 
edges were sutured together. The sutures were continued 
downwards to unite the divided sheet of tissue in which the 
uteri terminated. A piece of tube, with a small spUt-skin 
graft adhering to a segment of it, was passed from aboveinto 
the vaginal track. Its upper extremity lay in the common 
cavity of the posteriorly joined uteri, the middle skin-covered 
segment at the site planned for the artificial cervix, and the 
lower end in the vaginal track. The twin uteri were then 
sutured anteriorly, enclosing the tube, and a cervix was con- 
structed around the skin-covered segment of the tube from 
the divided sheet of tissue in which the uteri had terminated. 
The vaginal track was then lined by a spUt-skin ^ft applied 
to a mould (containing an aperture through which the tube 
passed). 

The end results of the operation were remarkable. The 
first definite menstruation occurred 109 days after the opera- 
tion, and after two further menstrual bleedings at irregular 
inte^ls, the patient started to menstruate regularly every 
28 days, and has continued to do so (at the time of writing, 

14 months after operation). Menstruation lasts 2-3 da>‘S 
and bleeding is moderate. 
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ENDOCRINE THERAPY IN GYNyECOLOGY AND 
OBSTETRICS 


by P. M. F. Bishop, Journal of Obstetrics and Gyncccology of 
the British Empire, 51, 51-63, February 1944 


This is a critical review, principally based on work reported 
during 1938-1943, by the Clinical Endocrinologist to Guy's 
Hospital, London. The author summarises the advantages 
and disadvantages of oral administration of synthetic ocstro- 
gens, refers to new routes of administration such as the 
sublingual and the subcutaneous implantation methods, and 
discusses the seope of oestrogen therapy. The use of pro- 
gesterone or androgens in abnormal uterine harmorrhage, 
of progesterone in threatened and recurrent abortion, of 
various sex steroids in dysmenorrhcea, and of gonado- 
trophins in ovarian deficiencies is also reviewed. 
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THE NOMENCLATURE OF HORMONE-PRODUCING 
TUMOURS OF THE OVARY 

by H. Burrows, Journal of Obstetrics and Gynwcology of the 
British Empire, 50, 430-432, December 1943 

Increasing knowledge of gonadal hormones and ovarian 
tumours has demonstrated that some of the terms applied 
to the latter are misleading. The writer, from the Chester 


Beatty Research Institute, Royal Cancer Hospital, criticises 
two such terms, arrhenoblastoma and granulosa-cell tumour 
both terms applied to ovarian tumours which determinp 
the manifestations of sex. 

Arrhenoblastoma means strictly a tumour arising from a 
masculine rudiment. Two reforms are suggested to permit 
the terminology to accord with fact ; the first is to shorten 
the term to arrhenoma, which means “ male tumour ” and 
makes no assumption as to its origin in a testicular vestige ; 
the second is to apply the term arrhenoblastoma to all tumours] 
whether situated in the ovary, adrenal or elsewhere, which 
produce excessive amounts of androgen and so bring about 
virilism. 

Granulosa-cell tumour. Strictly the term is apph’ed to 
ovarian tumours the cytology of which recalls the granulosa 
tissue of ripening follicles and the effects of which are those 
produced by oestrogen. In practice oestrogen-producing 
tumours of the ovary whose cytology would not support the 
title, have been called granulosa-cell tumours. If, as some 
believe, these tumours do not arise from the granulosa tissue 
of ripem’ng ovarian folh'cles, the term is misleading. It is 
still unproven that the granulosa-cells of normal ovarian 
follicles form oestrogen, and not every tumour having the 
appearance of granulosa tissue will cause oestrogenic efiects. 
Ovarian tumours composed of cells which do not resemble 
those of granulosa tissue may yet supply an excess of oestro- 
gen. The writer therefore suggests the term theeloma to 
denote those tumours which produce oestrogen, irrespec- 
tive of their location in the body, or of their Wstolo^cal 
appearance. 
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CAESAREAN SECHON 

The History and Development of the Operation 
from Earliest Times 

J. H. Young. London, H. K. Lewis & Co., 1944. 254 pages. 

!. [£ 0 . 8 ] 

The author divides the history of the emsarean operation into 
ee periods — before 1500, between 1500 and the development of 
: modem technique of the operation by Porro in 1876, and after 
1876. The third period includes the work of Max Sdnger, the 
revival of the lower segment operation by Gaillard Thomas and 
Fritz Frank, and the introduction of the Fortes operation. This 
book is the result of a careful study of the literature dealing both 
with the nomenclature and the operative technique of oesarean 
section, one of the oldest operations in the history of medicine. 
The author discusses the origin of the term and presents evidence 
refuting the general belief that the operation was used during the 
birth of Julius Cmsar and that it was named after him. An account 
is given of the earliest reported cases, and their authenticity is 
carefully examined in the light of modem obstetric knowledge. 
Each advance in the technique of caesarean section is traced in detail, 
from the cmde operation practised in former times as a last-minute 
attempt to extract a living child from an almost moribund mother, 
to the carefully planned operation of to-day with its advantages of 
modem methods of asepsis and anaesthesia. This exhaustive study 
of the subject includes liberal extracts from many of the important 
writings on the caesarean operation. Ample bibliographies in each 
chapter are evidence of the thoroughness with which the writer 
has pursued his subject. The book concludes with an exaniination 
of the medico-legal aspects of cesarean section and of stenlization 
performed during the oj^eration. Adequate indexes, both oi 
personal names and of subjects, are provided. 
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A TEXTBOOK OF PATHOLOGY 
General and Special 

bv J. M. Beattie & W. E. C. Dickson, with the coUaboration of 
\ M Drennan and j. O. Oliver. 4Qi edibon. London, W. 
Heinemann CVledical Books), 1943. 1,368 pages ; 828 illustra- 
tions. £4 4s. [£4.2] . 

The task of bringing up to date such a large work 
rtnrincr wartime must have been considerable. The booK last 
appeared in 1926 and in this fourth edition some new subjects have 


been introduced — virus diseases, disorders of the female repro- 
ductive organs, and the avitaminoses. The remainder has been care- 
fully revised ; particular attention has been paid to the chapters on 
blood diseases and on the nervous system, and the latter is especially 
to be commended. Modem pathology has not been overlooked, 
and the reader will find reformation on such subjects as blast 
inj^ and injuries incidental to flying ; the classification of the 
reticuloses is included. Bacteriology is excluded, but a section is 
devoted to animal parasites. 

The book includes a large number of illustrations, many in 
colour, and all of a high standard ; copious references for further 
reading are given. A particularly satisfactory feature is the very 
detailed index, which occupies 1 00 pages and has the main headings 
in heavy type. 
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THE VASCULAR ABNORMALITIES AND TUMOURS OF 
THE SPINAL CORD AND ITS MEMBRANES 


by R. Wybum-Mason. London, H. Kimpton, 1943. 196 pages ; 
42 illustrations. 18s. [£0.9] 

The work of Lindau, Cushing, Bailey, Dandy, Olivecrona and 
others has drawn the attention of neurologists to the vascular 
anomalies and tumours of the forebrain, but hitherto no attempt 
has been made to systematize the knowledge of such conditions as 
they affect the spinal cord and its meninges. In this book the 
author has drawn attention to the relative frequency of vas- 
cular abnormalities and neoplasms in the spinal cord and has 
attempted to correlate clim'cal and pathological findings, thus pro- 
viding a basis for accurate diagnosis. The book is well illustrated 
and includes an appendix containing 67 case reports and an 
excellent bibliography (224 entries). This monograph should 
lessen the diSiculty in the clinical diagnosis of these conditions. 
The author adopts a systematic classification which follows closely 


lose of Cushing and Bailey. , 

Chapter headings are: (i) Historical ; (ii) Classification ; (lu) Ve- 
nus abnormalities ; (iv) Arterio-venous angioma ; (v) Arlenal 
nomalies ; (vi) Syphilitic aneurysm of spinal arteries ; ( vu) Spon- 
ineous spinal subarachnoid htemorrhage ; (viii) Telangiectases, 
itrameduUary and extradural ; (ix) Spontaneous hsmatomyelia ; 
c) Haemangioblastomata of the cord ; (xi) Extradural hasman^o- 
lastoma ; (xii) Lymphangioma ; (xiii) The significance of n$vi ot 
le skin, lipomata and vertebral anomalies m relation to vascular 
bnormalities and tumours of the cord. _ 

The work is an important addition to neurological hterature. 
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STRUCTURE AND FUNCTION AS SEEN IN THE FOOT 
by F. Wood Jones. London, Boilliire, Tindall & Cox, 1944. 
329 pages ; 150 illustrations. £1 5s. [£1.25] 

The author’s Principles of anatomy as seen in the hand has for 
some years been considered a classic, to be read by all studying 
anatomy. The present volume is in some measure complementary 
to it. After an introductory chapter on the terminology involved, 
and others dealing with the phylogenetic and ontogenetic history 
of the foot, the author discusses in detail the fascias, bones, joints, 
muscles and movements, tendons, and nervous and vascular 
systems. The book is profusely illustrated with line drawings by 
tire author, and each chapter concludes with a select guide to further 
reading. It is obvious that great care has been taken in the par- 
paration of this work ; it is an important contribution to the 
literature on the foot and will no doubt find a permanent place in 
anatomical literature. 
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MIDWIFERY FOR NURSES 

by A. W. Bourne. Third edition. London, J. & A. Churchill, 
1944. 296 pages ; 111 illustrations. 7s. 6d. [£0.37S] 

This work, by the Consulting Obstetric Surgeon to Queen 
Charlotte's Hospital, gives a full account of the subject of obstetrics 
as far as it concerns nurses and midwives. The author points out 
the necessity for some knowledge of anatomy, physiology and 
bacteriology by those studying midwifery, and he devotes some 
space to these subjects. A description of the foetus at various ages 
is followed by an account of pregnancy — its diagnosis, hygiene and 
complications. Particular attention is given to the diet during the 
ante-natal period. The mechanism and management of labour are 
described in detail and its (implications are discussed. The 
chapter on the management of the puerperium includes a descrip- 
tion of some systematic exercises for use during that period. The 
book, which is adequately illustrated, concludes with instructions 
regarding the care and feeding of normal infants. 
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ELEMENTARY HYGIENE FOR NURSES 
by H. C. R. Darling. Eighth edition. London, J. & A. Churchill. 
1944. 291 pages ; 69 illustrations. 6s. [£0.3] 

This is written primarily for those nurses studying for examina- 
tions or who have been out of touch with a training school for some 
years ; it should also prove a useful text to others interested in 
hygiene— students, teachers, etc. The book deals principally 
with the preventive aspect of nursing and is designed to cover the 
requirements of the final examination of the Australian Trained 
Nurses’ Association. 

Chapter headings are: (i) Ventilation, warmth, light, dust, 
humidity ; (ii) Food and milk ; (iii) Dietetic treatment of diabetes, 
epilepsy and obesity; (iv) Water, sanitation of buildings and 
drainage ; (y) Sewage, sanitary inspection of dwellings and tem- 
porary hospitals ; (vi) Prevention of infectious diseases ; (vii) Im- 
munity against infectious disease ; (viii) Parasites and insects : 
(ix) Noxious insects ; (x) Personal hygiene ; (xi) Health nursing. 
Some good illustrations are included, and an appendix contains 
a number of tables and much other useful information. 
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NURSING IN TIME OF WAR 
by P. H. Mitchiner & E. E. P. MacManus. Second edition. London. 
J. & A. Churchill, 1943. 146 pages ; 27 illustrations. 2s. [fO.l] 

This booklet, by a Surgeon and a Hospital Matron, and small 
enough to be carried in the pocket, is designed for nurses, including 
those who have been called upon to give their services in this field 
during the war period and who have had no previous practical 
experience of the subiect. Particular attention is paid to the 
problems incidental to air raid work and first aid posts. Advice 
is given on the conversion of civilian buildings to casualty hospital 
use and on the organization of hut or tent hospitals. The re- 
mainder of the book is devoted to an account of the treatment of 
bums, gas casualties, wounds and wound infection, shock, frac- 
tures, and the handling of medical casualties during periods of 
emergency. The technique of intravenous transfusion and infusion 
is described, and appendices give lists of equipment required at 
first aid posts and emergency operating theatres. This second 
edition incorporates much practical experience gained by the 
writers during the last few years. 
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British Heart Journal 
6 : January 1944 

Adrenal-sympathetic syndrome ; chromaffin tissue tumour with paroxysmal 
hypertension. (R. AiacKeith) l-iz 

K^procal beating initiated by ventricular preoaature systoles. (R. Langendorf, 
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Heart failure in the aged. (T. H. HowcU) 20-22 
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British Journal of Children’s Diseases 
41 : Januaty-March 1944 

Awte g^uo-enterids in children: a review of 41 1 cases, 1936-1943, and a 
TN* . ”.^®*^8alion and treatment. (W, Gunn) i-io 
AJiphthena immunization. (H. W. Swznn) xo-12 


British Journal of Experimental Pathologj’ 

25 : February 1944 

^ jumoun produced by 2-ammo- and 2-acetyl-amina-fluorene. (1 
Bielschowsky) 1-4 

e occurrence of A, B and O blood group substances in pseudo-mucifloi 
J* Morgan & R. van Hc>’ningen) 5-15 
15-20^ ^uoidal gold reaction as a liver function test. (N. F. Maclagai 

reactions of acute phase serum with pneumococci 
poiysacchande and with pneumococcus type 27. (G. LbfstrCm) 21-26 

British Journal of Ophthalmolo©' 

28 : April 1944. 

retinoscopy presented on the basis of the theory of projectioi 

\.^Klem) 157-177 

choroid. (P. D. Trevor-Roper) 177-180 
Ro^^iSj ulcers with albucid and pro^i-ine. (P. D. Trcvoi 

^ and hamorrhagic retinitis, with increased intraocuh 

184-187 pilocarpine and ihjToid. (A. Landau & J. Ruszkowsfc 

A chancre of the bulbar conjunctiva. (C. D. Shapland) x87-t8 

<'aseorAdie$s>*ndronie, (T. James) X 90-1 93 
28: May 1944 

A =®5-220 

An retina. (T. H. Butler) 220-224 
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229-23'; brothers showing Marfan's s>-ndrorne. (H. J. Sten 


Report of a case of a p rimar y carcinoma of the lacrimal sac. (W. L. Roberts 
& J. R. Wheeler) 233-236 ol 

A case of rupture of a retinal cj'st causing retinal detachment. (C. D, Shaplana 
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In this number appears the fourth in the series of occasional articles on “ The Development of Medical Studies in Britain ” Th 
author. Dr. Douglas Guthrie, has achieved a reputation both as a specialist in oto-laryngology and as a medical historian, andther ^ 
fore has exceptional qualifications for writing on the historical aspect of this special branch of medicine. He has previously con- 
tributed an article on “ Medicine and Speech ” {BMB 96), and in the present number he contributes also a short historical note on 
the education of the deaf— a subject upon which relatively little has been written. 

Dr. C. S. Hallpike is a whole-time member of the scientific staff of the Medical Research Council and Aural Physician to the 
National Hospital, Queen Square. He has been appointed director of a newly established otological research unit which is to be 
maintained jointly by the Council and the Hospital. Dr. Hallpike has been a Foulerton Research Fellow of the Royal Society and 
a Rockefeller Travelling Fellow, and he is the author of a number of papers on the physiology and pathology of the ear. 

Dr. E. J. Boome is a Principal Assistant Medical Officer of the London County Council and is in charge of the Council's speech 
therapy. He is President of the Association of Speech Therapists and a Founder Fellow of the College of Speech Therapists which 
has just been formed by the amalgamation of the Association of Speech Therapists and the British Society of Speech Therapists. 
Dr. Boome is part author of "Nature and Treatment of Stammering," “ Relaxation in Everyday Life," “ Abnormal Speech ” and 
the remedial chapter in “ Spoken English " edited by J. Compton. He has taken a prominent part in drawing attention to the need 
for the treatment of speech defects and in promoting the organisation and recognition of speech therapy as an auxiliary profession. 
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THE DEVELOPMENT OF MEDICAL STUDIES IN BRTTAJN : 

IV. OTO-LARYNGOLOGY 


DOUGLAS GUTHRIE, M.D., F.R.QS.Ed. 


Oto-laryngology comprises not only the diseases of the ear 
(otology) and of the larynx (laryngology), as the name im- 
plies, but also those of the throat or pharynx, of the nose and 
paranasal sinuses (rhinology) and of the oesophagus, trachea 
and bronchi (peroral endoscopy). It is open to question 
whether the present combination will be permanent. 

Affections of the ear, nose and throat are mentioned in 
many of the earliest medical writings, as, for example, those 
of Hippocrates, Celsus and Galen, but the remedies were 
hen empiric, and it was not imtil the anatomists of the 
Renaissance had provided a solid foundation that any real 
)rogress was made, the intricacies of aural anatomy having 
)rovided a fruitful field for investigation. 


The Importance of Anatomy 

Vesalius, who revolutionised anatomy by describing what 
le saw, and not what he expected to see, was succeeded as 
Professor at Padua by Fallopius whose name, like that of his 
contemporary Eustachius, became a household word in 
anatomy. The Epistola de auditis organis, 1 564, of Eustachius 
is probably the earliest complete work dealing with the ear. 
Another early text-book of otology was De auditus instru- 
mento, 1573, by Volcher Goiter of Groningen. This was fol- 
lowed by the work of Mercurialis of Bologna, entitled De 
oculorum et aurium affectibus praelectiones, 1584, and by 
De visione, voce et auditu, 1600, by Fabricius of Acquapen- 
dente. Such grouping of otology, first with ophthalmology, 
then also with laryngology, is a significant forecast of sub- 
sequent events. 

When the vogue for specialism made its appearance in the 
nineteenth century, diseases of the ear, nose and throat did 
not at once become the group as now recognised. The older 
specialty of ophthalmology enlarged its scope by admitting 
otology, so that the “ eye and ear surgeon ” was not un- 
common, and there were even stranger combinations. For 
example, H. Macnaughton Jones (1863) was distinguished 
in London as a gynsecologist and otologist and J. Kirk 
Duncanson (1872) of Edinburgh embraced no less than three 
special branches, when he became known as “ the oculo- 
auro-accoucheur.” 


The Foundations of Oto-Laryngology in the Seventeenth 
Century 

Little advance was made in our knowledge of the ear, nose 
and throat so long as the old conceptions of anatomy and 
physiology prevailed. We have noted that the ' pioneer 
anatomists broke from the traditions of Galen, w^ch had 
been followed for a thousand years. The first book 
with the ear to be printed in English was a translation (1748) 
of the smaU work by J. G. Duvemey of Pans, ongmally 
published in French in 1683.'> Duverney corrected an age- 
long error by proving that the Eustachian tube was not an 


avenue of breathing, nor even of hearing, but existed simply 
as a means of renewing the air within the tympanum. Thomas 
Willis, Professor of Medicine at Oxford, who made many 
original observations and wrote the first accurate account of 
the anatomy of the nervous system. Cerebri anatome, in which 
the “ Circle of Willis " is described, also made a contribution 
to the embryo science of otology by proving that the cochlea 
was the most essential part of the organ of hearing. His 
treatise, which appeared in 1683, is quaintly entitled Two 
discourses concerning the soul of brutes and, in Chapter 14, 
“ On the sense of hearing,” WiUis describes the phenomenon 
of “ hearing better in a noise ” — the so-called paracusis of 
Willis. He tells of “ a woman who, though she were deaf, yet 
as long as a drum were beaten within her chamber, she heard 
every word perfectly ; wherefore her husband kept a drummer 
as his servant that by that means he might converse with his 
wife.” The illustrations for Willis’s work were prepared by 
Sir Christopher Wren, the designer of St. Paul’s Cathedral. 

About tWs time, too, another fallacy was exploded by 
Richard Lower, also of Oxford, who first transfused blood 
from one animal to another, and first noted the alteration 
which the blood undergoes during its passage through the 
lungs. In 1670 Lower showed that nasal mucus was formed 
within the nose, and was not a product of the brain, as had 
been imagined during the centuries when “ purging the brain ” 
had been a favourite method of treatment.^® 

Another important step in rhinology was taken in 1707 by 
William Cowper, who suggested the operation of drainage, 
by perforation through the socket of a tooth, of the maxillary 
sinus, or antrum, which cavity had been described by Nathaniel 
Highmore in 1651.® 

Progress during the Eighteenth Century 

Steady progress continued during the eighteenth century. 
The invention in 1724 of the Eustachian catheter by Guyot, 
postmaster at Versailles, directed further interest towards 
otology.^® It is significant that two of the major inventions 
in oto-laryngology, that of the Eustachian catheter by Guyot, 
and that of the laryngoscope by Garcia, were made, not by 
medical men, but by a postmaster and by a teacher of singing. 
Guyot introduced his catheter through the mouth for the 
purpose of syringing in order to relieve his own deafness, 
but his discovery attracted little attention at the time. A few 
years later (1741) a surgeon of the British Army, Archibald 
Cleland, devised a catheter which he introduced through the 
nose,® and Jonathan Wathen, a London surgeon, inde- 
pendently adopted in 1755 a sirnilar method of syringing out 
the Eustachian tube “ when syringing of the outward ear is 
without any success.” Apparently the catheter w^ em- 
ployed for lavage long before inflation of air was practised. 

As for the laryngology of the eighteenth century, it was 
largely concerned with descriptions of diphtheria, a disease 
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which was then very prevalent and fatal. A cLassical Account Three Great Pioneers : Toynbee, Hinton and Wilde 

of the sore throat was published in 1748 by John Fothcrgill, The greatest British pioneer otologist was Joseph Toynbee 
^e Quaker physician and philanthropist of London, althou^ (1815-66), who showed such special aptitude for anatomy 

it is uncertain whether he referred to diphtheria or to a malig- that he was able to apply his knowledge in placing otology 

nant form of scarlatina. Another account of the same upon a sound scientific basis. Toynbee was admitted as a 

disease was \vritten in 1757 by John Hu.\ham, who had studied PeUow of the Royal Society of London at the age of twenty- 

at Leyden under Boerhaave, and who practised in Plymouth.” six, and his name appears in the first list of FeUows of the 
He was the first to note that diphtheria was sometimes fol- Royal College of Surgeons. Early in his career, as the 

lowed by paralysis of the palate. A third classic description, result of a wordy warfare with Curtis at the Medical Society 

clearly referring to diphtheria, under the name of “ Croup,” of London, he vowed that he would “ rescue aural surgery 
was the work of Francis Home in 1765.*® Home, like from the hands of quacks.” Toynbee was a strenuous 

Huxham, had studied at Leyden, and he became the first worker, making over a thousand beautiful dissections of the 

professor of Materia Medica in Edinburgh University. ear, and thus founding the Toynbee Collection, which was 

There is no reference to tracheotomy in these accounts of on view at the Royal College of Surgeons Museum until 

diphtheria. This operation, originally known as broncho- destroyed by enemy action in 1941. He built up'a large 

tomy, although frequently mentioned in early medical works, aural pracfice in Savile Row, London, and he resided at 

was seldom practised.*" Even after it was popularised in the Wimbledon, then a country village. In 1851, he was elected 

nineteenth century by Bretonneau and Trousseau, it was Aural Surgeon and Lecturer at St. Mary's Hospital, the first 

regarded as a dangerous procedure. Indeed, Marshall Hall general hospital to set aside beds for diseases of the ear, and 

stated in the Lancet in 1859 that *' we must regard tracheotomy to institute teaching in the subject. Toynbee devoted much 

as a heroic remedy, only appropriate to Herculean forms of of his time to philanthropic work on behalf of the sick poor, 

disease.” Nevertheless, tracheotomy was performed in 1730, his efforts as a social reformer being continued by his son, 

apparently for diphtheria, by George Martine of St. Andrews Arnold Toynbee, in whose memory the first University 

in Scotland. His appears to have been the first recorded Settlement, Toynbee Hall, was founded. Joseph Toynbee’s 

tracheotomy in Britain, although three years later a London book on Diseases of the ear (1860) may be regarded as a 

Surgeon, Chovet by name, performed the operation on a medical classic."" The writer sets out to remedy the lack 

criminal about to be hanged, without, however, saving him of appreciation of aural pathology and notes, in many cases, 

from death, as had been hoped. the relationship between post-mortem findings and the 

In these early days laryngology was practised by physicians, symptoms present during life. He was the first to describe 

and otology by surgeons, until each was differentiated in a otosclerosis, recogmsing “ ankylosis of the stapes to the 

special branch and eventually reunited as otolaryngology. fenestra ovalis ” in 160 specimens. Accurate tests of hearing 

were not in use at that time. Like Astley Cooper, Toynbee 

Specialism in the Nineteenth Century punctured the tympam’c membrane in selwted cases of 

. deafness, but he was able to demonstrate only one example 

^e discovery of the function of the Eustachian tube led to qJ- organic stricture of the Eustachian tube among his 

various new methods of treatment. Sir AsUey Cooper, the specimens. For acute otitis, Toynbee recommended 

greatest surgeon of his day, recommended puncture of the .< copious syringing with warm water ” ; mastoiditis was 

tympanic membrane “ in cases of deafness arising from a ^ot treated surgically, and, as might be expected, the mor- 

closed Eustachian tube ” (1801) and the procedure was fol- tajjty ^as high. It was Toynbee who invented the otoscope 

lowed for many years. In 1806 there appeared an excellent auscultation tube, used as an aid to diagnosis during 

work on Anatomy of the human ear, with a treatise of its catheter inflation of the tympanum. As an original thinker, 

diseases, by J. C. Saunders, Demonstrator of Anatomy at a},gad of his time, Toynbee must be regarded as “ the father 

St. Thomas's Hospital, and founder of the Moorfields (Royal of Brirish otology.” **■ His death at the age of fifty- 

London Ophthalmic) Hospital."® The eye and ear were one was the result of an experiment upon himself, to ascertain 

associated as subjects of study in those days, and it was the eSect of chloroform and prussic acid upon the ear. Thus 

Saunders who first advised paracentesis, or incision of the he was a martyr in the interest ofthe science he served so well, 

drumhead, in acute suppuration of the middle ear. Scarcely less worthy was his assistant and successor. 

For the most part, however, knowledge of otology remained James Hinton (1822-75), who is perhaps chiefly remembered 

crude,^ and diseases of the ear comprised those curable by as a philosopher, and as the author of The mystery of pain, 

syringing, and those incurable by any treatment. The op- rather than as an otologist. Nevertheless Hinton, who 

portunity to profit from the precarious state of the embryo became Aural Surgeon to Guy's Hospital, was no mere 

science ofotologyled to its exploitation by unqualified persons. satellite of Toynbee. He was probably the first surgeon in 

One of the most notorious was John Harrison Curtis, who Britain (1868) to operate upon a case of mastoiditis, the 

had b^n a dispenser in the Navy, but had not studied patient teing a man, 58 years of age. Hinton desenbes the 

medicine. Curtis married a lady of wealth, established him- case in his work on The questions of aural surgery, 1874.*‘ 

self in a fashionable part of London, and soon acquired a large in explaining the somewhat cunous title of this work, he 

pracfice. In 1816 he founded the first hospital in Europe, stated that he had paid special attention to the unsolved 

and indeed in the world, to be devoted to diseases of the ear, problems of otology. Hinton also improved upon the work 

an institute which eventually became the Royal Ear Hospital. of Toynbee in advising early incision of the tynipamc mem- 

Nevertheless, he was “ profoundly ignorant even of the brane in acute otitis media. “ This relieves pain, preserve 

Matomy of the ear ” and it was his practice to syringe the ear the hearing and diminishes the risk.” He further corr^ted 

in almost every case, using an enormous instrument h'ke a Toynbee in classifying aural polypi, not as growths of the 

Burden syringe. His book on The physiology and diseases of meatus, but of the tympanum. He uttered a warning again^ 
the ear is of little value save as a historical landmark.' unskilful efforts to remove foreij^ bodies, ^e 

The fully-qualified medical man who first adopted otology 
Bs a specialty in London was James Yearsley, who founded 
the Metropolitan Ear and Throat Hospital in 1838, who in- 
'^nted the artificial drumhead, and who drew attention to 
the close cormection between afiections of the ear and those 
of the throat and nose, some years before adenoids were 
discovered by Meyer of Copenhagen (1868). Another 
pioneer, Thomas Buchanan of Hull, wrote a volume entitled 
Illustrations of acoustic surgery (1825), emphasising' the im- 
po^nce of inspection of the tympanic membrane as a means 
In 1838, an essay on The structure, economy 
ond diseases of the ear, containing interesting facts on com- 
parative anatomy and on acoustics, was published by George 
Pilcher, Surgeon to St. George's Hospital, London."* At 
that time it was the custom for certain general surgeons to 
practise otology in addition to their regular work. Pilcher 
was one of them, as also was Sir Astley Cooper at an earlier 


refill attention to any ear disease oi enuanoou. nii 
o'-raphy, by Ellice Hopkins, gives an intimate and inter^t- 
g picture ofthe man and his work.*' Hinton was succeeded 
practice by Sir Wifliam Dalby and he in turn by Arthur 
heatle, who amplified and catalogued the Toj-nb^ colleaion. 
Contemporary with Toynbee, indeed bom in the same 
ar was Sir William R. Wilde (1815-76) of Dublim the 
ther of Oscar Wflde, who shares with Toynbee and Hinton 
,e credit of establishing British otolo^- on a sotmd 
latomical and pathological basis. Amariof vaned 
■ was celebrated as an antiquanan and as a statisja_n. 
[ early life he settled in Dublin and devoted h^ first saving 
, the establishment (1841), in a duured ^‘’^We °f a 
msary for eve and ear diseases which eve.ntuall> 

?. Mark's Hospital. In this 

,e first to teach otology in the United 

ime to him from aU over the world, Md p-ru^i-r^- 1‘-; 

Aifhn.mh Wilde also practised oph.tJil.mo o...... 
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his chief interest was always otology. His volume on Aural 
surgery (1853) was the fruit of long and patient clinical 
observation, for Wilde was as essentially a clinician as 
Toynbee was a scientist, and each gave the other full credit 
for his work.®^ The name of Wilde is associated with a snare 
for the removal of aural polypi, and also with the method of 
treating mastoiditis by post-aural incision — ** Wilde’s in- 
cision ” — an important step towards the modem mastoid 
operation. The clinical records with which Wilde supports 
his contentions are models of clear reporting, so that his 
book may still be read with profit. Interesting details of the 
life and times of Sir William Wilde may be found in the 
recent biography entitled Victorian docior.^^ 

Two subsequent British pioneers of otology, both of them 
also general surgeons, were Sir Charles Ballance (1856-1936) 
of London, noted for his work on mastoiditis and on facial 
paralysis,* and Sir William Macewen (1848-1924) of Glasgow, 
the results of whose operations for otogenic cerebral abscess 
are still remarkable.-* 


The Evolution and Application of Laryngoscopy 
Laryngology did not emerge as a special branch of medicine 
until the middle of the nineteenth century, when it received 
a great impetus from the discovery of the laryngoscope in 
1854 by Manuel Garcia, a singing master of Paris. Garcia 
was curious to investigate the action of his own vocal chords, 
although he had no idea that his invention would become so 
important in medicine. In his later years he made his home 
in London, where he died in 1906 at the age of 101. 

There had been previous attempts to view the larynx by 
means of prisms or mirrors, both by British and by Conti- 
nental observers. In 1829 Babington, of London, demon- 
strated a “ glottiscope ” resembling the modem laryngo- 
scopic mirror ; in 1837 Liston, the first surgeon to use ether 
anaesthesia in London, advised the use of a dental mirror to 
view growths of the larynx ; in 1844, Warden, of Edinburgh, 
suggested the use of prisms to illuminate body cavities ; and 
in the same year Avery, of London, used a throat speculum, 
in which a mirror was fixed, to secure a view of the larynx.*® 
None of those early efforts attracted much attention, and 
even the method of Garcia, expounded to the Royal Society 
of London, was received with apathy or incredulity ; the 
value of the procedure being first recognised in Vienna. 

Laryngology came into being as a branch of general 
medicine rather than as an off-shoot of surgery. Indeed, the 
special institution founded in 1863, in Golden Square, 
London, by Morell Mackenzie, was originally named the 
“ Hospital for Diseases of the Throat and Chest,” although 
the word “ Chest ” was soon eliminated. “ Golden Square,” 
as it was familiarly called, very soon became regarded as the 
Mecca of laryngology. 

Sir Morell Mackenzie (1837-92), who may be regarded as 
the foimder of British laryngology, was bom at Leytonstone, 
Essex, where his father was a medical practitioner. After 
graduating in London, he studied for over a year in Paris and 
Vienna, learning the use of the laryngoscope, which had been 
newly introduced into medicine. Returning to London, he 
devoted himself to this new branch of medical science, and 


he soon acquired a large practice and world-wide fame. 
His essay On the pathology and treatment of diseases of the 
larynx gained for him the Jackson>’an Prize of the Royal 
College of Surgeons. A few years later, in 1870, he was 
able to report the results of his treatment of 100 consecutive 
cases of growths of the larynx. This alone was evidence of 
the manual dexterity for which he was famed, a dexterity 
more remarkable when we remember that cocaine anesthesia 
was a later development, and was not then available. Mac- 
kenzie wrote treatises on diphtheria (1879), which he proved 
to be identical with “ croup,” and on hay-fever (1884), con- 
demning the meddlesome nasal surgery which was then in 
vogue. In 1887, he founded the Journal of Laryngology and 
Otology, which still flourishes as the sole British journal 
devoted to the specialty. His greatest work for posterity, 
however, was his text-book of Diseases of the throat and nose, 
of which the first volume appeared in 1880, the second m 
1884. The fruit of long experience and unremitting study, 
the book remains to this day the basis of all British laryngolo- 
gical literature, and it is still well worth rea^g.*® 

Sir Morell Mackenzie died of tuberculosis at the age ot 
fifty-five, his death having been accelerated by the unfortunate 
controversy which clouded his later years.*® Suminoned to 
Berlin in 1887, to attend the Emperor Fredenck m, who 


suffered from cancer of the larynx, Mackenae may haw [ 
erred, as many have done since then, in attaching too much 
importance to the three negative reports, in this case by ? 
Virchow, on the microscopic appearances of tissue removed j 
for examination. At all events, no radical operation was r 
attempted, and tlie royal patient died a year later. As 
pointed out by Colledgc (1936), in a paper on the subject, the 
cancerous growth was probably of the rare subglottic variety, 
a type which had not been differentiated at that day.* The 
gravity and extent of the lesion was not recognised by any 
of the medical men in attendance, Mackenzie never denied 
that the diagnosis might be cancer ; he simply gave a verdict 
of “ not proven.” Mackenzie faced with dignity the bitter 
attacks by his German colleagues upon his personal character 
and his professional skill, although he was doubtless ill- 
advised in publishing a popular vindication of his conduct 
in the book entitled Frederick the Noble (1888), which greatly 
accentuated the controversy.*® Although his name is in- 
variably linked with this case, it must never be forgotten that 
Morell Mackenzie was the leading pioneer of British laryn- 
gology, and that he took a large part in the creation of this 
branch of medical science.’ 

Another eminent man, who may be claimed as a British 
laryngologist although he was of German birth, was Sir 
Felix Semon (1849-1921). Arriving in London in 1878, as a 
young and unknown foreigner, to study under Sir Morell 
Mackenzie, he became Mackenzie’s assistant and a member 
of the staff of the Golden Square Hospital. He settled in 
practice in London and eventually rose to a position of world- 
wide fame as a laryngologist.*' 

Perhaps the main reason of Semon’s outstanding success, 
apart from his ability and industry, was his devotion to 
general medicine while pursuing his work in a newly dis- 
covered field. After his appointment as laryngologist to 
St. Thomas's Hospital in 1882, he kept in close touch vvith 
the medical wards, a circumstance which led to his important 
discoveries relating to paralysis of the larynx. He showed 
that in progressive organic lesions the nerves supplying the 
abductor muscles of the larynx were effected before those of 
the adductors, a statement since known as “ Semon’s law.” 
He also did good service by his study of the early signs of 
cancer of the larynx, and by disproving the fallacy, then pre- 
valent, that the endo-laryngeal removal of innocent growths 
of the larynx tended to promote mafignaricy.*® Semon 
achieved good results — 80 % recoveries— in the removal of 
cancer of the larynx by thyrotomy or laryngo-fissure, an 
operation which had b^n regarded as dangerous and im- 
certain imtil it was re-introduced and perfected by Sir 
Henry Butlin (1843-1912), who was not only a general 
surgeon but also a laryngologist of high repute. The surgeon 
who first performed the operation of excision of the larynx 
(laryngectomy) for cancer was Sir Patrick Heron Watson 
(1832-1907) of Edinburgh. 

Semon retired in 191 1 at the zenith of his career. He had 
been the recipient of many well-deserved honours, including 
that of knighthood in 1897. His memory is perpetuated in 
the " Semon Lectureship in Oto-Laryngology ” of the 
University of London. 


The Twentieth Century and the Future of Oto- 
Laryngology 

Semon was one of the last to practise laryngology as an 
independent specialty. Early in the present century, it 
merged with otology to become oto-laryngology. The some- 
what clumsy term rhinology was abandoned, by general con- 
sent, as diseases of the nose had always been grouped with 
those of the pharynx and larynx. Naturally, some oto- 
laryngologists still show a preference for the study of the ear, 
others for the larynx, but none limit their practice so strictly 
as did the pioneers. Societies, like journals, have been of 
great value in the advancement of knowledge. The British 
Laryngological and Rhinological Association, founded by 
Morell Mackenzie in 1888, extended its scope to include 
otology in 1895. The Otological Society of the United 
Kingdom was founded by Sir William Dalby in 1899, the 
Laryngological Society of London by Semon in 1893.^ In 
1907, all those Societies became amalgamated in the S^tions 
of Otology and of Laryngology of the Royal Society of 
Medicine, while the Scottish Society of Otology and Lar^g- 
ology was established to represent the specialty m Scotland 
and Northern En^and. 


Oto-laryngology was well and strongly represented in 
Britain during the early years of the present century, and much 
useful original work was accomplished. Men like MilUgan 
of Manchester, Fraser of Edinburgh, Gray of Glasgow, and 
Tweedie of Nottingham advanced our knowledge of the ear 
Tilley of London, Watson-Williams of Bristol, and Turner 
of Edinburgh investigated the nasal sinuses ; Hill of London, 
Kelly of Glasgow, and Paterson of Cardiff were masters of 
oesophagoscopy ; while St. Clair Thomson of London 
wrote the leading te.xt-book of diseases of the nose and 
throat.” 

On the future of oto-laryngology it would be idle to 
speculate. Thirty years ago it was virtually a branch of 
surgery. Its exponents competed with each other in inventing 
instruments and devising operations. At the present time 
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traditions of the pioneers. 
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notes on the progress and future role of research in otology 


C. S. HALLPIKE, M.B., M.R.C.P., F.R.C.S. 


The relief by surgical measures of suppuration in the middle 
car cleft has been for many years a major concern in the 
work of otologists. This work has been effective and of 
prime importance ; nevertheless, it seems right to point out 
that the success achieved owes more to the application of 
general surgical principles than to any advance in funda- 
tnental knowledge of the ear. As surgical technique has 
advanced, there has been a steady decline in the need for 
the performance of mastoid operations of all 
™ds which was common twenty years ago has to-day 
become a comparative rarity. This development is also 
argely independent of the growth of specialised otological 
mowledge, and is attributable to improvement in nutritional 
s aMards, chemotherapy and other factors. 

that so much of the work of otologists has been ac- 
complished with so little recourse to weapons placed in their 
°^°'osical research helps little to assess the worth 
o such weapons and implies only that otologists in this par- 
^u ar field of their work have not yet required to advance 
yond the stage of general principles. In the next stage 
Its work otology will need to achieve a higher standard 
ot special knowledge. 

The otologist of to-day, and still more of the future, will 
called Upon less and less to deal by surgery svith acute 
of the middle ear cleft and even less with its chronic 
witli^*^^' "'Ul need to be increasingly equipped 

. . Special knowledge of aural structure and function 
sta A' provide a basis for the growth of his imder- 

t;.., 1 nature and beginnings of aural, more par- 

t>cularly of labyrinthine, disease. 


The further acquisition of such knowledge and its rational 
iplication still constitute the formidable agenda of oto- 
gical research. 

Clinical Problems 

Meniere’s disease, otosclerosis, camrrhal otitis media and 
herited deafness are clinical conditions which commonly 
.nfront the otologist, and are selected as being senous in 
leir effects, iU understood, and resistant to treatment. 
Meniere's disease. Me'niere’s disease is of particular 
terest as a subject in which recent developments m palho- 
gical anatomy have illustrated the elementary weaknes^ 
- otological research. Until 1938, little was known of the 
ithological basis of this disorder, ^ince that date, hi^^ 
gical examinations of the labyrinth by Hallp.ke, ^rns 
ollin and others have clearly estabhshed the existence of 
, obstructive distention of the endolyraph system^^ In 
is we see that simple obserx'ations of structural 
ie kind which in 1855 revealed the pathological bt^is of 
ddison’s disease have only recently been possible in - 

ise of a common disease of the labynnth. 

ThS ot^Sists should be so far behind in 
field of invStigation is due, as we know 'nn " 
trinsic dfficulties of obtaining the neces^ao - j 

•Tcompetent preparation f- ^a^ 
hese difficulties have not jet ^n . . ,] 

:Ue material is still examined and not alwaj. with th- 

chm'cal competence wffich is ,o 

If we consider now the 

;n'e us in explaining the palhologiu*.! - - . 
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disease, very few are available. Guild’s (1927) paper on the 
circulation of the mammalian endolymph is still a classic, 
while more recent estimations of osmotic pressure by Aldred, 
Hallpike & Ledoux (1940) provide a promising indication 
of the physico-chemical factors which may be involved. 
Little else is available and neither of these investigations 
appears to have been confirmed or even repeated. This and 
much other experimental work on the physiology and 
pathology of the endolymph are needed, as also a fuller 
analysis of the clinical features of Meniere’s disease. 

Otosclerosis. The clinical and histological features of 
this serious cause of deafness are well known. Its rotiology 
remains obscure, and a factor in this obscurity is the ex- 
ceptional difficulty of an experimental approach. Since the 
work of Wittmaack on the experimental production of 
otosclerosis in hens, the greatest promise has been provided 
by Mellanby’s * (1938) demonstration of the striking effects 
upon the bony capsule of the labyrinth in certain laboratory 
animals, of avitaminosis-A. While it is generally recognized 
that there are many more points of difference than agree- 
ment between the bony changes which Mellanby described 
and those in otosclerosis, it would still seem a possibility 
that the end of this story has not yet been heard. 

The interesting and important work of Holmgren and his 
English followers on the surgical improvement of hearing 
in otosclerosis by means of fenestration operations continues 
to be disappointing, although better results have been claimed 
by Lempert of New York. It is difficult to avoid the im- 
pression that a better understanding of the physiological 
mechanism which imderlies the immediate improvement of 
hearing would do much to explain and possibly prevent its 
subsequent regression. 

Chronic catarrhal otitis media. The mechanisms which 
control the output and circulation of the mucus and other 
fluids of the middle ear constitute an important chapter of 
""ral physiology. Their disturbance under the pathological 
nditions of catarrhal infection, often in the presence of 
istachian insufficiency, underlies and leads to the state 
rich we know as chronic catarrhal otitis media. This 
ndition is common, resistant to treatment, and an im- 
(rtant cause of severe deafness, often with involvement 
the internal ear. There seems good reason for hope that 
ogress in its understanding and clinical management will 
future be furthered by the methods of investigation which 
ve been applied \vith success, both in this country and 
._nerica, to the problems of vacuum otitis in Air Force 
and Naval personnel. 

Inherited deafness. It is commonly realized that inherited 
disease does not of necessity involve a congenital anatomical 
defect. What is more often inherited is a predisposition to 
later degeneration of certain tissues or organs. While such 
degeneration may be inevitable, it is possible also that it 
may be precipitated by biological factors which may be 
identifiable and conceivably subject to some kind of control. 
It is of interest in this connection to note that Griineberg, 
Hallpike & Ledoux (1940), in their study of the development 
of the cochlear changes in a form of inherited deafness found 
in the shaker mouse, were able to show that no congenital 
defect of structure occurs here. Instead, a degeneration of 
a fully formed organ is seen. 

Electro-Acoustics and the Otologist 

Thelraditional clinical tests of cochlear function by voice 
and tuning fork can boast of no great precision. The design 
of electro-acoustic equipment for the purpose of these tests 
presents little difficulty from the viewpoint of electro-acoustic 
technology, and the use of such equipment has long appeared 
to promise greater accuracy and ease of reproduction of 
test results. 

Gramophone and pure tone audiometers have been well 
known in Britain fof a number of years, without, it must 
b.e said, coming into very common use. Here it needs to be 
emphasized that a major factor in limiting the wider accept- 
ance of audiometers has been the neglect of adequate pro- 
vision for their calibration. Concerning the functional 
significance of the tests for which these instruments are used, 
some discussion still hinges upon the relative value to the 
clinician of the tests of hearing for speech and pure tones. 


* [see also BMB 376] 


At the present stage such discussion would appear to possess 
little practical significance. 

Each variety of test deals with a particular aspect of 
hearing. Both need to be tested and both tests are probably 
necessary. The need of the moment is therefore much more 
that both tests should be brought into common use under 
conditions which ensure the proper calibration (and its 
maintenance) of the test equipment. 

Conceniing the problems which arise in connection with 
hearing aids, there is an outstanding need that otologists 
should intervene more generally and much more effectively 
in assessing the clinical value of these instruments and in 
the prescription of their use. 

In no way can otologists do more to bring this about and 
so lay a firm foundation for the extension of their knowledge 
in this difficult field than by taking the lead in the design and 
standardization of new tests of hearing and test equipment 
based upon up-to-date electro-acoustic practice, and by 
ensuring throughout that the fullest provisions are made 
for dealing with the problems of calibration. 

Neurology and the Ear 

Defects of cochlear function in neurological disorders 
occur under conditions which are on the whole limited and 
well defined. We mention, in particular, tumours of the 
VIITth cranial nerve and lesions of the mid-brain. To this 
extent, therefore, the value of their detection and analysis 
by otologists is limited. Disturbance of vestibular function, 
on the other hand, occurs in a much wider range of neuro- 
logical disorders and often under conditions which leave 
their pathological basis obscure. 

The grosser forms of vestibular dysfunction which result 
from the involvement of the vestibular centres by disseminated 
sclerosis and neoplastic disease are of course well known. 
Some novel aspects of the neurological significance of the 
vestibular tests have lately been revealed by the work of 
Angyal & Sherman (1942) on the abnormalities which occur 
in the vestibular responses of schizophrenics and by the work 
of Spiegel (1932) and of Fitzgerald & Hallpike (1942) on 
the cortical localization of vestibular function. The work 
in question conveys a clear suggestion that the classical 
tests of vestibular function which have been used by otologists 
since the time of Barany may in future find a wider useful- 
ness in elucidating the problems of disease of the central 
nervous system. 

The Medical Research Council and Otological Research 

The Medical Research Council has interested itself for a 
number of years in the problems of hearing through its 
Committee on the Physiology of Hearing. The Committee 
has sponsored a number of publications which include 
Reports on The use of hearing aids (E%vmg, Ewing & Littler, 

1936) , and on Hearing and speech in deaf children (Kerridge, 

1937) . 

The Council has recently established three committees 
to further a wide programme of research into the problems 
of deafness. One of these committees will deal with the 
medical and surgical problems of deafness ; its Chairman is 
Professor Henry Cohen of the Faculty of Medicine, Liver- 
pool University, and its Secretary, Mr. T, E. Cawthome, 
Aural Surgeon to King’s College Hospital and author of a 
number of papers on the medical and surgical treatment of 
Meniere’s disease. 

The second committee has been appointed to consider 
the problems of design and performance of electro-acoustic 
equipment used in the investigation and alleviation of deaf- 
ness. Its Chairman is Dr. W. G. Radley, Director of the 
Research Station of the General Post Office. The Secretary 
is Dr. T. S. Littler, Lecturer in Acoustics at Manchester 
University. Dr. Littler has also worked for a num^r of 
years in conjunction with Dr. and Mrs. A. W. G. ENving of 
the Department of Education of the Deaf at Manchester 
University upon the physical characteristics of hearing aitk. 

Problems connected with the education of the deaf ^vill 
be dealt with by the third committee, which will sit under the 
chairmanship of Professor F. C. Bartlett, who occupies the 
Chair of Experimental Psychology at Cambridge.^ The 
Secretary of the committee is Dr. A. W. G. Ewing, Director 
of the Department of the Education of the Deaf at Man- 
chester University. 
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THE SCOPE OF SPEECH THERAPY 

E. J. BOOME, M.B.. M.R.C.P., D.P.H. 


Disorders of speech have been known tlirough the ages and 
have often been a subject of ridicule. Many methods have 
been tried in the cure of stammering, and most of us are 
familiar with the story of Demosthenes and the pebble. 
Moses was a stammerer, and for this reason he refused at 
first to lead the Jewish revolt against the Egyptians. Once 
he assumed the leadership, his sense of inadequacy ceased 
and he lost his fear of speech. This situation would seem 
to have a parallel in the present-day teachings of the relation 
between the sense of inferiority and stammering. 

It is only lately that the seriousness of the disability in- 
volved in defective speech has been recognised by medical 
and educational authorities. Speech therapy in Britain has 
undergone many vicissitudes but is now becoming more and 
more freed from charlatanism and is acknowledged as a 
profession auxiliary to medicine. 

It is difficult to arrive at an accurate estimate of the inci- 
dence of speech defects, but it is probable that at least 2 % 
of the school population is affected. In 1943, Dr. J. E. A. 
Under\vood, Chief Medical Officer to the Board of Education, 
estimated the total number of affected children as 135,000- 
150,000 in England and Wales and 25,000 in Scotland. 

It is therefore clear that defective speech is a problem of 
some magnitude. 

The Conditions in which Speech Therapy can be of Benefit 
Speech therapy is, generally speaking, the treatment of 
defects and disorders of speech. It does not include the 
education of the deaf and the mentally defective. The defects 
and disorders of voice, speech and language which fall within 
the province of the sjjeech therapist may be classified as : 

i. Stammering (sometimes called stuttering) 

ii. Alalia (not arising from deafness or gross mental 

deficiency) 

iii. Dyslalia (a defect of articulate speech of varying degrees 

of severity, common in childhood) 

iv. Aphonia (a) functional (habitual and hysterical) 

(b) organic (e.g. arising from laryngeal disease) 

(c) post-operative (e.g. after thyroidectomy, 
laryngectomy) 

v. Cleft-palate speech 

vi. Defects of nasality (a) excessive nasality (arising from 

defective occlusion of the naso- 
pharynx during speech) 

(b) Insufficient nasality (arising from 
nasal obstructions, or their after- 
effects) 

xii. Aphasia (allied with alexia and agraphia) 
viii. Dysarthria 

Lx. Abnormalities of voice and speech characteristic of certain 
diseases of the nervous system. 

X. Defects of interpretation of spoken language. 

Methods of Speech Therapy 
These may be briefly enumerated : 

i. Muscular Relaxation 

The patient must learn the difference between normal 
muscular tension and muscular h>’pertension. The latter 
is not only a waste of energy but a definite hindrance to 
specialised muscular action such as is involved in speech. 


It is often necessary for the patient to learn to relax muscle 
by muscle. It is found to be helpful to achieve this through 
the medium of muscular movement, i.e. contraction and 
relaxation of muscle. He should then try to relax the body 
by conscious thought while in a recumbent position. 

ii. Psychological Approach 

The personaUty of the speech therapist is very important 
The object of the therapist should be to draw out and develop 
the latent power of the patient and to inspire him with a 
desire to reach the goal where his language adequately 
expresses every thought which he wishes to utter. In fact 
the speech therapist should be a good missionary. 

iii. Re-education of Speech and Voice 

This is carried out by specific exercises which are designed 
to give rhythm, flexibility and co-ordination. 

iv. Rehabilitation of the Aphasic 

The disorder of speech results from lesions of special speech 
centres in the cerebral cortex, of association fibres deep to 
those centres, and also from lesions of the' motor cortical 
centres and paths connecting them with the muscles of 
articulation. 

The treatment given aims at the re-education of the actual 
speech and rehabilitation of the patient. 

Patients reach the speech therapist from other departments 
of hospitals in which a speech clinic exists, from school 
medical officers, or from private medical practitioners. 
Speech therapists work under medical direction and are 
instructed not to accept patients unless they have been 
referred for treatment by one of these routes. This provision 
is necessary in order to avoid overlooking organic disease. 

Qualifications as a Speech Therapist 

A good general education is essential and candidates are 
expected to have matriculated or to hold school certificates 
giving exemption from matriculation. Students are not 
usually accepted for training imder eighteen years of age, 
though this requirement is not rigidly applied during the war. 
There is no upper age limit but the training involves close 
study which might prove difficult to candidates over forty 
years of age, who may also have difficulty in securing appoint- 
ments. The speech therapist’s work is balanced between 
that of the teacher and social worker and that of the doctor. 
A speech therapist is not a specialised teacher. 

Courses of training are of two to three years’ duration, 
according to the age and experience of the student. The 
syllabus includes phonetics, anatomy and phjsiologj', neuro- 
pathology, psychology, the theoiy and practice of speech 
therapy, and other subjects. Qinical instruction and prac- 
tice are an integral part of the training. The cost of training 
is about £50 per aiuium non-resident. There are five recog- 
nised training centres situated in London and Glasgow. 

Present Organisation of Speech Therapy in Britain 

There are approximately 200 qualified speech therapists ir 
the United Kingdom. 

The recognised qualifying body in speech therapy is th; 
College of Speech Therapists, 86, Harley Street, London. W. I 
which is an amalgamation of the Association ol Speed 
Therapists and the British Sodety of Speech Tht.'apists. Ii 
1942, this body was recognised by the Board of Regist.'atio" 



of Medical Auxiliaries, and qualified speech therapists arc 
admitted to the National Register of Medical Auxiliaries. 

Of about 315 education authorities in England and Wales, 
about 100 have appointed speech therapists. In Scotland 
6 out of 35 authorities have made such appointments. 

In some of the larger towns there are hospital speech clinics 
where adults as well as children can be treated : those who 
can afford the fees are treated by speech therapists in private 
practice. These facilities are, however, by no means adequate 
to meet the needs of the speech-defective population. 

Future Development of Speech Therapy 
Speech is so fundamental a function that any disability is 
one of the greatest obstacles to full intellectual and social 


development. Speech therapy must therefore take its place 
as a recognised and valuable contribution to social service. 

If the needs of the speech-defective population arc to be 
covered, it will be necessary : 

(i) to extend present facilities to provide for treatment in 
all schools ; 

(ii) to provide for children over school age who, for any 
reason, have not obtained treatment during their years at 
school ; 

(iii) to provide for adults, either in hospitals or in evening 
institutes similar to those organised by the London County 
Council. 
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PIONEERS IN THE TEACHING OF THE DEAF 


DOUGLAS GUTHRIE, M.D., F.R.C.S.Ed. 


It is perhaps unfortunate that the term “ deafness ” is applied 
to a defect of hearing of any degree, ranging from a slight 
loss, which scarcely affects the capacity of the individual, 
to a complete absence of the sense of hearing. Total 
deafness is relatively rare, only about 10 % of all cases, 
but the degree of hearing which remains in children born 
deaf is usually insufficient for the perception of speech, and 
this also applies to children whose hearing has been lost 
through ear disease at an early age, before speech has 
been acquired. Such children are dumb, as well as deaf, 
although their vocal organs are normal, the inability to speak 
arising solely from the fact that the deaf child does not hear 
speech, and in consequence cannot acquire the power by the 
usual process of imitation. He is, in fact, deaf and dumb, 
although the word deaf-mute is more correct and expressive, 
implying as it does that the dumbness is the direct result of 
the deafness. In teutonic languages the word dumb (Ger. 
dumm) originally meant stupid, a sense which it still retains 
in modern American slang. Thus, it is not surprising that 
in ancient times the deaf child was regarded as a mental de- 
fective, and that no attempt was made to educate him to 
become a useful citizen, until about the sixteenth century. 

We do not know who was the first to suggest or to practise 
the education of deaf-mutes. Some authorities would accord 
the priority to St. John of Beverley (a.d. 700), who is mentioned 
by the Venerable Bede, in his History of the Church of England, 
as having taught a dumb young man to speak, although the 
account does not state whether the dumb man was also deaf. 

At a considerably later date, the problem was discussed by 
Rudolph Agricola (b. 1442) of Groningen, Holland, by 
Jerome Cardan (1501-76) of Milan, and by Salomon Alberti 
(1540-1600) of Nuremberg, but in each case the method used 
or advised was to teach the deaf “ to hear by reading and to 
speak by writing.” There was no exposition of the manual 

alphabet, nor of lip-reading. , ^ , 

Probably the first person to instruct the deaf in the use oi 
language was the Spanish Benedictine monk, Pedro Ponce 
de Leon (1520-84), whose writings have been lost, but whose 


work was continued by another monk, Juan Pablo Bonet. 
Bonet’s monograph, entitled Reduccion de las letras, y arte 
vara ensehar a ablar los mtidos, viz. “ The reduction of letters 
[to their phonetic value], and the art of teaching the deaf to 
speak,” was published at Madrid in 1620. It is mentioned 
by the versatile Sir Kenelm Digby who, in his Treatise con- 
cerning bodies, 1 644, describes how a Spanish lord, bom deaf, 
was taught to speak by a priest, who wrote a book on the 
subject. Digby notes further that “ he could not govern the 
pitch of his voice ; what he delivered he ended in the same 
key as he began it,” that he attentively studied the face of 
my one who spoke to him, and that he could interpret 
nothing in the dark. It is an accurate description of the 
monotonous speech of the deaf, and of the practice of lip- 
reading. 

The first in Britain to devote his attention to the subject 
was John Bulwer, “ The Chirosopher,” as he was called. Of 
his life we know little, but his memory survives in a number 
of quaint works, now rare, and highly prized by collectors. 
His Chirologia, or the naturall language of the hand (16^), 
deals with gesture as the natural means of communication 
in man. Various gestures are illustrated, although there ;s 
no attempt to construct a finger alphabet. Four years later, 
Bulwer published another book, entitled Philocophus or the 
deafe and dumbe man's friend, showing, it is stated, “ that a 
man born deaf and dumb may be taught to heare the sound 
of words with his eye, and thence leame to speake with his 
tongue.” The writer is careful to add that the tongue is 
“ not the chiefest cause of speech,” the jaws, palate, nose an 
lips all being essential for correct articulation. In addition 
to this “ Ocular Audition,” or, as it is now called, lip* 
reading,” Bulwer notes that the deaf may appreciate music 
through the medium of their teeth, by “ Dentall Audition.^^ 
Bulwer also forecast the establishment of a “ New Academic 
for the education of the deaf, a project which was not realised 

until a hundred years later. , u .d,, r,f 

Contesting the priority with Bulwer, though obviously 
later date, we find John Wallis, the professor of mathematics 
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at Oxford, who had already won a great reputation as an 
authority on cipher writing. Wallis not only published a 
treatise on speech, De loqiwla, in 1652, but he also made 
practical use of his ideas in teaching a deaf man, Daniel 
Whalley, to speak, and he demonstrated the method to the 
Royal Society and to King Charles n. Daniel Defoe refers 
to Wallis in his Life and adventures of Mr. Duncan Campbell, 
a deaf and dumb gentleman, which appeared in 1720 and is 
quite in the tradition of the more famous Robinson Crusoe. 
Campbell, it is alleged, was gifted with second sight, and his 
services as a fortune teller were widely sought in Edinburgh 
and, later, in London. Defoe illustrates in his work the finger 
alphabet which Wallis used in addition to \vriting and 
articulation. 

Contemporary with Wallis was Wilh'am Holder, a dignitary 
of the Church, whose wife was a sister of Sir Christopher 
Wren, and who wrote an interesting monograph on Elements 
of speech, in 1 669. In this work. Holder gives an account of 
the position and movements of the vocal organs in the pro- 
duction of the various vowels and consonants, a description 
to which little could be added, even to-day. His method of 
teaching the deaf consisted in demonstrating the mechanism 
of articulation, assisted by finger spelling, and he also taught 
lip-reading. Holder added to his reputation by teaching a 
deaf-mute, Alexander Popham, who, however, relapsed into 
silence and was again taught to speak by Wallis, to whose 
work we have referred. There was some dispute between 
Holder and Wallis regarding the share of each in this 
success. 

Another contemporary was George Dalgamo, a native of 
Aberdeen, who spent most of his life as a teacher at Oxford, 
and who published, in 1680, his Didascalocophus, or, the deaf 
and dumb man's tutor. Dalgamo is said to be the first writer 
who devised and illustrated a complete system of finger 
spelling. It was a one-handed finger alphabet. Touching 
the tips of the thumb and fingers in turn denoted A, E, I, O, 
and U ; touching the first joints, B, C, D, F and G ; the 
second joints H, K, L, M and N ; and so on. Dalgamo 
wisely insisted that the finger alphabet should not be replaced 
by mere sign language, and he taught the deaf reading and 
writing rather than speech. 

The pioneer who insisted on the importance of a purely 
oral method of teaching was Jan Coenraad Amman, a Swiss 
physician who practised in Holland, and who published his 
book, Surdus loquens (The speaking deaf) at Amsterdam in 
1 692. This work, written in Latin, is the foundation of the 
method now universally approved and practised. The fol- 
lo^ving century wtnessed the researches of two eminent 
teachers of the deaf, the Abbe de I’Ejjee in France and 
Heinicke in Germany. Both deserve to be honoured. 


though their methods were at variance. Abbe Charles 
Michel de I’fipee (1712-89) showed imsparing devotion to 
the interests of the deaf, although most of his attention was 
centred in the use of signs, and he compiled, though he did 
not complete, a dictionary of signs for the use of the deaf. 
At his own expense, he founded a school for the deaf at Paris 
in 1765. After his death, the school was continued by his 
successor, Abbe Sicard, and a few years later it became a 
national institution. Meanwhile, in Germany, Samuel 
Heinicke (1729-90), pastor of Nautschutz, was engaged in 
developing the oral method of teaching the deaf which is now 
everywhere accepted. He believed that speech should be 
the sole method of instmction and of expression, and he 
strongly disapproved of the method employed by the Abbe de 
r£pee. 

The first school for the deaf in Great Britain, and indeed in 
the world, was a private establishment founded at Edinburgh 
in 1760 by Thomas Braidwood. Braidwood was assisted by 
his brother John, their methods remairung a family secret, 
though it is known that the tongue of the pupil was guided 
to various positions of articulation by a little silver rod. 
When Dr. Samuel Johnson visited the school in 1773, there 
were twelve pupils, “ mostly from England, but several from 
America.” In 1783, the Braidwoods removed to London, 
establishing, in Old Kent Road, a school which was con- 
tinued by their nephew. Dr. Joseph Watson. Even in his 
day, visitors who came to learn the methods were not 
welcomed, so that Dr. Thomas Gallaudet, who came from 
America to study, was obliged to proceed to Paris, where he 
was more cordially received by the Abbe Sicard. Gallaudet, 
on his return to America, established a school for the deaf 
at Hartford, Connecticut, in 1816. 

Another pioneer was Alexander Graham Bell (1847-1922). 
His father was a teacher of elocution at Edinburgh who, 
later, went to America in order to lecture on his system of 
phonetics and “ visible speech.” Graham Bell succeeded his 
father as a teacher of the deaf at Boston. . His efforts to 
transmit speech by electric means, for the benefit of the deaf, 
led to his invention of the telephone in 1872-76. 

Denmark was the first country to introduce the compulsory 
education of deaf children, in 1817. In Great Britain, this 
step was not taken until 1893, when education of the deaf- 
mute child between the ages of seven and sixteen became 
compulsory. In 1937, the age of entry was lowered to five 
years, although, in the opinion of most authorities, the 
training of the deaf child should commence earlier than that 
of the normal child and, indeed, at the earliest possible 
age. Vocational training of older children is now undertaken 
in a number of schools for the deaf, while the opportunities 
of employment for deaf adults have considerably increased. 
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DISCUSSION ON THE INFLUENCE; OF WAMINS 
AND HORMONES ON THE PHYSIOLOGY AND 
PATHOLOGY OF THE EAR, NOSE AND THROAT 
by E. Mellanby, R. Greene & R. G. Macbeth, Proceedings 
of the Royal Society of Medicine, 36, 621-626, September 
1943 

In a discussion before the section of Otology and Laryngo- 
logy of the Royal Society of Medicine, Sir Edward Mellanby 
(Secretary of the Medicai Research Council) said that, 
although there is at present no well-founded evidence that 
vitamin deficiency is an important factor in any of the clinical 
conditions found in otology, it must be expected that future 
relationships will be determined between nutrition and 
morbid conditions of the ear, nose and throat. 

Mellanby referred in some detail to his work (see Mellanby, 
1943) on liie remarkable effects of e.xperimental ritamin A 
deficiency' in puppies. The bone h>'perplasia, which cxxrurs 
in from three to five months in puppies on sitamin A-deficnent 
diets, but much later in the adult dog, is due to a derange- 
ment of osteoblastic and ostccxlaslic acti\ity as a result of 
which bones of abnormal texture and shape are produced. 


Thus vitamin A seems to control and co-ordinate the actions 
of these bone cells, while vitamin D is concerned with the 
calcification and hardening of osteoid tissue. The effects of 
irregularity of bone growth in A-deficient puppies are evident 
throughout the central nervous system but particularly in 
the auditory apparatus. Overgrowth of bone is regularly 
found in the internal auditory meatus and severe degenera- 
tion in both cochlear and vestibular divisions of the Sth 
cranial nerve follows as the result of pressure. Overgrowth 
of periosteal bone in the labyrinthine capsule causes the 
cochlea to be more deeply placed, so that the auditory nerve 
is lengthened, compressed, and its course made tortuous. 
The cochlear division is always the more affected and its 
fibres degenerate completely ; the cells of Scarpa’s ganglion 
and the vestibular fibres are more resistant and the latter 
degenerate on the peripheral side of the injured point only. 
Later serous labyrinthitis develops, to be followed by de- 
generation of the organ of Corti. There is evidence that the 
former can be cirred and the latter prevented by administra- 
tion of vitamin A at this stage, but the nerve degeneration is 
irreversible. Mellanby pointed out that this wor’x has not 
yet been shown to have any direct clinical significance. 

Dr. Raymond Greene (physician in the Emrrgrrry Mrd.'.y! 
Service) drew attention to the develop.menial relationships 
between the pharynx, the auditor.' apparatus and the pituitary- 
gland, and stressed the fact that probably no system of cells 
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in the body is entirely exempt from the influences of the 
endocrine glands. In oto-laryngology this influence is dis- 
played most clearly in effects on bone growth and on the 
mucous membranes. Thus overactlvity of the a-cells of the 
pituitary (gigantism and acromegaly) is associated with 
abnormal development of the accessory air sinuses, altera- 
tions in the shape of the skull and jaws, and enlargement of 
the larynx which produces a characteristically deep voice. 
In hypopituitary states, conversely, underdevelopment of the 
face and sinuses is often seen and the small larynx and high 
voice of the eunuch are well known. Cranial dystrophies 
have been clearly related to the anterior pituitary since 
Keith’s classical work (1911) and more recently cranial 
dysplasia has been found by Mortimer, Wright & Collip 
(1937) in over 90 % of cases of atrophic rhinitis, many of 
which were associated with “ constitutional deafness.” The 
relationship between the mucous membrane of the nose 
and the mechanism of sex is said to have been known to 
Hippocrates. It is generally held that congestive states of 
the nasal mucosa in women arc related to the increased 
circulation or output of oestrogenic substances, but there is 
much less agreement on the efficacy of the treatment of 
atrophic rhinitis with cestrogens. There is evidence to suggest 
that this condition may be related to abnormal action on 
skull growth of the anterior pituitary, the hypencmia being 
induced by oestrogen which produces a local increase in the 
production of acetylcholine. Treatment by direct topical 
application of prostigmin, though frequently effective, is 
only palliative and any real success depends on the previous 
treatment of gross sepsis. 

Mr. R. G. Macbeth {RadcUffe Infirmary, Oxford) described 
some observations on the effect of ascorbic acid on the 
incidence and course of infection in the upper respiratory 
tract and on the frequency and severity of haimorrhage 
following sinus, septal, and tonsillar operations. Patients 
from the Armed Forces treated in an Emergency Medical 
Service hospital were divided into two groups, one group 
.receiving 1,000 mg. of ascorbic acid on each of 4 successive 
|days immediately before operation. It was concluded ‘‘ that 
there was probably a generalised lowering of ascorbic acid 
in members of the Forces and in civilian workers in the 
winter and early spring ; and that there was a relation 
between this and upper respiratory infections and a tendency 
to bleed ” after operation. 
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Deaf-Mutism 

The papers reviewed below were read at a Discussion on 
Deaf-Mutism at the Section of Otology, Royal Society of 
Medicine, London, on 5th February, 1943. 

The object of the discussion was to state the present position 
of our knowledge of deaf-mutism and to indicate in what 
respects the training and management of the deaf child might 
be improved. The first paper deals with children under three 
years of age, the second with the older child and the adolescent. 

Dr. and Mrs. Ewing are the leading authorities in Britain on 
the teaching of the deaf. At the University of Manchester 
they are in charge of the Department of the Education of the 
Deaf, established in 1934. They have each written many 
papers on the subject and have collaborated in a well-known 
and valuable book entitled ** The handicap of deafness 
{London, 1938). 
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DEAFNESS IN INFANCY AND EARLY CHILDHOOD 
by (Mrs.) I. R. Ewing, Journal of Laryngology and Otology, 
58, 137-142, April 1943 

The paper deals with the records of thirty unselected deaf 
children. Ten of the children were under the age of 2 and 
twenty were between the ages of 3 and 4 at the first visit. 


Fourteen of the children failed to respond to any form of 
sound stimulation. The other sixteen possessed at least a 
small island of hearing. Twenty-eight were born deaf, one 
became deaf from measles at the age of 1, and one from 
meningitis at the age of 5 months. 

Motor development was not retarded in the children who 
retained a remnant of hearing ; all of them could walk alone 
by the age of 1 8 months. The totally deaf children, however, 
showed much slower motor development. Only two could 
walk at 18 months. Two of them could not sit up alone 
before the age of 1 1 months and two others did not walk 
alone until the age of 2 years. Five others of the totally 
deaf group could walk only with dilficully when 3 years old. 

Regarding adaptive behaviour, which Gesell defines as 
“ general capacity to exploit environment,” for example, 
reaching for a spoon or building with blocks, this does not 
appear to be altered in deaf children. Retardation was 
observed in only two of the thirty children under review. 

With reference to language, which includes vocalisation, 
speech, and auditory comprehension, no child of the group 
had enough hearing to enable a comparison to be made 
between deaf and hearing children. Nevertheless a study 
was made of the deaf child’s use of voice and of his methods 
of making known his wants. Twenty-eight of the thirty 
children were reported by the parents to use their voices 
naturally in babyhood ; only two were abnormally silent, 
both totally deaf children. In general there were few varia- 
tions during the first year and the pitch and loudness of the 
sounds made by deaf children were the same as those of 
hearing children. At the age of about 18 months, however, 
the deaf child loses interest in using his voice and tends to 
become silent, making a noise only when he is angry or 
afraid. 

The voice of the untrained deaf child of 3 to 5 years of 
age is ugly and harsh. It is at this time that the deaf child 
uses his voice less and makes known his wants by pointing, 
pulling, and gesture. This change from vocal expression 
to gesture is to be deplored. The vocalisation of the baby 
who can hear, merges into babbling and then into speech. 

Language and its expression in speech are not the fruits 
of teaching, but they give evidence of learning. In the young 
deaf child, the first essential is that the use of voice and 
interest in vocal play should be retained, even though he 
can hear no sound. He must be constantly encouraged to 
use his voice so that the kinresthetic sensations may become 
fixed in the mind and serve as a basis for speech. The deaf 
child has an urge to vocal expression which must be strongly 
encouraged. Gesture does not and carmot serve as an 
adequate form of stimulation for the mind, although it may 
serve to satisfy bodily wants. 

Deaf children show as much intelligence and desire to 
imitate as do the children who hear. Such behaviour 
deceives the onlooker, who forgets that intelligence cannot 
feed upon itself. The growing mastery over speech is 
denied to the deaf child. He requires more encouragement 
on that account. He must be taught to apply language, to 
articulate and to lip read, and this help can be given only 
by a teacher specially trained for the task. 
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THE NATURE OF DEAF MUTISM— CHILDHOOD 
AND ADOLESCENCE 

by A. W. G. Ewing, Journal of Laryngology and Otology, 
58, 143-150, April 1943 

In a preceding paper by Mrs. Ewing (1943) it was shown that 
by the age of 3 years the mental development of the deaf 
child differs greatly from that of the child who can hear and 
talk. A knowledge of the young deaf child is of great value 
when we come to study the needs of the child of school age. 
In America it has been found that deaf pupils of 12 years 
were comparable in attainment to normal hearing pupils 
4 years younger. The author of the present paper records 
his observation of 109 children admitted to schools for the 
deaf: 63% were bom deaf; 37% had acquired deafness; 
15 % retained sufficient hearing to hear loud speech and to 
Justify the use of a hearing aid. When the use of the hearing 
aid was combined with lip-reading it was much more effective. 
A deaf child who is a proficient lip reader can follow speech 
with an accuracy approximating to 40 % of that of the 
normal listener. The hearing aid must not be regarded as a 
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substitute for lip-reading. If we imagine ourselves trying to 
learn a completely unknown language through an imperfect 
telephone and Without any text-book, we may form an idea 
of Ae difficulties which confront the deaf child. Further- 
more, he has no experience of the understanding of words 
of any kind, nor of the importance of speech. 

The author investigated the motor control of 68 deaf 
children, employing the tests advised by Oseretski and 
testing 50 normal children as controls. The “ motor index,” 
which ranged from 84 to 104 in normal children, was reduced 
to 80 in partially deaf children, and 74 in totally deaf children. 
All motor control was not equally affected. In manual 
de.xterity all the deaf children were approximately normal. 
It ^vas in the capacity to balance the body that the deaf 
children were defective, and the disability was in proportion 
to the degree of deafness. Many deaf children are even above 
the normal standard in manual dexterity. 

Tests of intelligence or practical ability were carried out 
on 150 children who had been severely or totally deaf since 
infancy. Among deaf children there is a group who show 
defective practical ability, but the number is not sufficiently 
large to justify the establishment of special schools for the 
mentally-backward deaf. 

Apart from this group, deaf children are not lacking in 
intelligence, a fact already proved by Drever and Collins. 
As regards mental development, it has been clearly shown 
by Burt (1937) that an average normal chUd begins school 
life wth the foundations of his education already well laid 
and that he learns as much at home as at school. The child 
rapidly educates himself. Much depends upon his oppor- 
tunities for mental stimulation. The normal child begins 
to describe and to interpret at about the age of 4. This 
ability is retarded in deaf children as has been shown by the 
writer, who applied the Gesell and Terman-Merrill tests to 
72 deaf mutes. There was less retardation in 26 children who 
had heard speech by the regular use of a hearing aid. Even 
a small experience of hearing speech is a great incentive to 
linguistic progress. A few deaf mutes attain high standards of 
performance. One has taken a science degree at Cambridge, 
another is a civil engineer, a third is at an agricultural college, 
while two have attended schools for normal girls with success. 
In each case lip-reading was facilitated with the use of a 
hearing aid. Spoken or written expression by the pupils 
had a prominent place in the training, which must always be 
“ a two-way traffic.” The criterion to apply to the educa- 
tion of the deaf is — “ To what extent are the children learning 
to enjoy conversation with normal people out of school as 
well as in school hours ? ” 

There must be no pause or rest for any worker in this 
field until wde opportunities, now open only to a few, are 
made available to all deaf children. 

References 

Burt, C. (1937) The backward child, London, p. 126 
* Ewing, I. R. (1943) J. Laryng. 58, 137 

[77ie following references given by Dr. Ewing may be useful to the 
student desiring further knowledge] 

Burt, C. (1921) Mental arul scholastic tests, London, p. 339 
Cattell, R. B. (l936) A guide to mental testing, London 
Day, H. E., Fusfeld, I. S. & Pintner, R. (1928) A survey of American 
schools for the deaf, Washington 

Ewing, A. W. G. & Stanton, D. A. G. (1942) A study of children 
TOth defective hearing. Teach. Deaf, 40, 127 & 240 
Fletcher, H. & Steinberg, J. C. (1929) Articulation testing methods. 
Bell Syst. tech. J. 8, 806 

Gesell, A. (1925) The mental growth of the pre-school child. New 
York 

Heuyer, G. & Roudinosco, J. (1936) Les troubles de la motricite 
chez I’enfant normal et anormal. Arch. Med. Enf. 39, 265 
Isaacs, S. (1938) Intellectual growth in young children, London, 
p. 291 

Lewis, hi. M. (1936) Infant speech, London, p. 247 
Oseretski, N. I. (1936) L’echelle metrique du ddveloppement de la 
motricitd chez I’enfant ct chez I’adolescent, II}g. ment. 31, 53 
Ra\-en, J. C. (1940) The R.E.C.L series of perceptual tests: an 
experimental suixey, Brit. J. med. Psychoi. 18, 16 
Rees, J. R. (1943) Three years of military psychiatry in the United 
Kingdom, Brit. med. J. 1,1 

Stem, W. & Stem, C. (1910) The psychology of early childhood, 
London, p. 374 

Thomson, G. H. (1922) The Northumberland mental tests, London 
» [rec BMB 377] 


DISCUSSION ON DEAF MUTISM 
by P. Franklin, D. Guthrie, I. R. Ewing & A. W. G. Ewing, 
Journal of Laryngology and Otology, 58, 158-165, April 1943 
Mr. Philip Franklin, a London otologist, described the 
results of his work since 1931 at the Deaf Mutes Speech 
Clinic for pre-school deaf children. 

The specialised speech instruction of deaf children should 
begin as early as twenty months, although such early training 
is available only at a few centres, such as that described by 
Mrs. Ewing. The child with total loss of hearing may be 
taught to appreciate sound vibrations by the sense of touch. 
Mr. Franklin used an instrument, the Phonotactor, in which 
the voice at a microphone constitutes the stimulus, and the 
child feels it by applying his finger tips to the vibrating 
magnetic plate. This is simply an adaptation of a method 
used for centuries consisting in the appreciation of laryngeal 
vibration by the child who is made to feel the larynx of the 
teacher. 

The majority of congenitally deaf children possess slight 
hearing, in one or both ears. Total deafness is more frequent 
in acquired cases, especially when the cause is meningitis. 
In order to detect sh'ght degrees of hearing, the speaker used 
the audio-amplifier, by means of which a sound may be 
gradually increased and the degree of amplification noted 
at the point where the sound is appreciated. Mr. FrankUn 
advocated the stimulation of hearing by gramophone records 
of street noises, animal noises, nursery rhymes and the like, 
and suggested that electrical aids to hearing might be applic- 
able to young children. 

Mr. Franklin had found the labyrinth tests of value and 
stated that a nystagmus response to rotation indicated the 
presence of hearing however sh'ght. The totally deaf showed 
no nystagmus reaction and no vertigo after rotation in a 
chair. Early recognition and early education were of great 
importance in dealing with deaf children. 

The next speaker in the Discussion was Dr. Douglas 
Guthrie, Consulting Aural Surgeon, Edinburgh Royal 
Hospital for Sick Children. He proposed to deal with 
(i) education, (ii) employment, and (iii) sign language, each 
in its appheation to deaf-mutism. 

i. Many cases of deafness in children were seen first by 
the otologist, who had to decide whether the child was deaf 
or mentally deficient. Many cases of deafness were untreated 
until the child reached school age. It was not reahsed that 
the education of a deaf child should be commenced as early 
as three years of age. Early recognition was of the first 
importance. Yet many otologists had never visited a 
school for the deaf and were ignorant of the problems 
involved. 

ii. The medical man ought also to take more interest in 
the possibilities of employment for the deaf. All deaf 
persons were employable and at the present time most of 
them were employed. An employer who had experience of 
deaf employees was usually willing to employ more, as they 
proved such efficient workers. The fields of employment 
open to the deaf were still too few — ^farm work, boot repair- 
ing and tailoring for men, dressmaking and laundry for 
women. Actually it has been shown that no fewer than 
340 different occupations were suitable for the deaf. The 
medical man should be familiar wth the possibilities and 
should be in a position to advise employers who might make 
use of deaf workers. 

iii. The use of sign language was common among the adult 
deaf, even those who had been taught to speak in special 
schools. It appeared that so long as finger spelling was 
used, no great harm was done. It was the use of conventional 
signs that kept the deaf from rising into the higher realms 
of thought and culture. There were some who were of 
opinion that sign language ought to be taught to all children, 
deaf or hearing, as a second language besides the mother 
tongue. TTiis xsas the siew of Sir Richard Paget, who was 
of opinion that speech vas originally mouth gesture. The 
use of sign language appeared to be the sole means of com- 
munication with the outer world in totally deaf persons 
who had not profited from oral training. 

Repljing to the Discussion. Mrs. Ewing agreed with 
Mr. Franidin as to the need for stimulating young deaf 
children, but she disliked the idea of using heasy sibratoy 
apparatus. Also the mere hearing of sounds w-as of little 
\aluc. It was words that were important, apr-'vciatcd by 
hearing when possible, and always by lip-reading. 


125 



Dr. Ewing also replied, stating that the limits of educational 
attainment were imposed by lack of opportunity and not 
by deficiency in natural intelligence. There were three 
centres for vocational training in Britain, but there was 
scope for extension. As for sign language, he was glad to 
note that Dr.. Guthrie preferred finger spelling to sign 
language, but there was a tendency among the adult deaf to 
shorten the effort and resort to a mere system of signs. The 
deaf mute who depends on signs is very limited in his world 
of thought. 

The next serious defect in the education of the deaf was 
the lack of opportunity. It was important to incorporate 
the deaf as far as possible into the normal life and activities 
of the community and the otologist could be of great service 
•in the attainment of this ideal. 
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DEAFNESS RESULTING FR.OM GUNFIRE AND EX- 
PLOSIONS 

by S. Suggit, Journal of Laryngology and Otology, 58, 313- 
326, August 1943 

The author describes the audiometric findings in 69 ears 
damaged by gunfire: three varieties of audiometric ab- 
normality are defined, and it is suggested that each variety 
is correlated with a distinct type of pathological change. 

i. Middle ear damage. As diagnosed by the otoscopic 
findings of tympanic hsemorrhage or membrane rupture with 
a negative Rinne test, this is found to be accompanied by a 
generalised raising of the threshold throughout the frequency 
'•"ectrum. 

The co-existence of a well marked high-tone loss is con- 
lered to indicate additional damage to the cochlea. The 
ddle ear element of this audiometric picture shows restora- 
m to normality with healing of the tympanic lesion. The 
^-tone loss is likely to persist. 

ii. Gradual high-tone loss. This is considered to be 
ignostic of acoustic trauma by gunfire, usually over a 

period of years, A localised loss at about 4,000 cycles is 
thought to be an early stage of this condition. Evidence of 
tympanic damage is usually absent and the audiometric 
changes are permanent. 

iii. Abrupt high-tone loss. A sharp drop in the audio- 
metric curve occurs between 2,000 and 4,000 cycles. In 
severe cases the frequency at which this drop occurs may be 
as low as 1 ,000 cycles. This is identified with the detonation 
deafness of Jaehne (1911), and the present author gives it 
the name of concussion deafness. In a few cases it is associ- 
ated with rupture of the tympanic membrane. 

The following analysis is given of the findings in 69 ears : 


a. Middle ear deafness 18 

b. Gradual high-tone loss 9 

c. Abrupt high-tone loss 26 

d. Mixed middle ear and gradual high-tone loss ... 6 

e. Mixed middle ear and abrupt high-tone loss ... 9 

/. Mixed gradual and abrupt high-tone loss ... 1 


The author also discusses various points connected with 
the physiology, pathology and mechanics of injury to the 
ear from explosion blast, and the possible measures for its 
prevention. 
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STUDIES IN HUMAN VESTIBULAR FUNCTION 

I. Observations on the Directional Preponderance (" Nys- 
tagmusbereitschaft ”) of Caloric Nystagmus resulting from 
Cerebral Lesions 

by G. Fitzgerald & C. S. Hallpike, Brain, 65, 115-137, 1942 


n. Observations on the Directional Preponderance of Caloric 
Nystagmus (“ Nystagmusbereitschaft ”) resulting from Uni- 
lateral Labyrinthectomy 

by T. E. Cawthornc, G. Fitzgerald & C. S. Hallpike, Brain 
65, 138-160, 1942 

ni. Obscivations on the Clinical Features of Meniere's 
Disease : with Special Reference to the Results of Caloric 
Tests 

by T. E. Cawthorne, G. Fitzgerald & C. S. Hallpike, Brain 
65, 161-180, 1942 

I. This study and the two which follow come from the 
Research Unit of the National Hospital for Nervous Diseases, 
Queen Square, London, In 1923 Dusser de Barenne & 
dc Kleyn investigated experimentally in animals changes in 
vestibular responses after removing one cerebral hemisphere. 
For example, if the left hemisphere were removed the left 
labyrinth became hypersensitive to hot caloric stimulation 
while the right labyrinth became hypersensitive to coW caloric 
stimulation. An application of these results to the diagnosis 
of cerebral lesions was reported in 1928 by de Kleyn & 
Versteegh, but these workers gave no information on the 
nature of the lesions shown by clinical, operative, or post 
mortem findings except in one case. 

The present writers have attempted to obtain further 
evidence of the occurrence in the human subject of directional 
preponderance of induced labyrinthine nystagmus attributed 
to cerebral lesions. They devised a uniform method of 
stimulation, using water at a temperature of 30° C. and 
44° C. for cold and hot stimulation respectively (the method 
is fully described in the original paper). After studying the 
reactions in the normal and in local disease of the labyrinth 
they investigated the labyrinthine reactions in 20 cases of 
disease of one cerebral hemisphere. In 10 of these the 
disease did not affect the temporal lobe and the reactions 
were normal. In 10 cases of disease of the temporal lobe, 
however, the reactions gave a specifically abnormal result 
with “ directional preponderance of caloric nystagmus ” to 
the side of the disease. Thus in all cases of disease of the 
right temporal lobe the right labyrinth was over-active to 
heat and the left labyrinth over-active to cold. On the 
other hand, in all cases of disease of the left temporal lobe 
the left labyrinth was over-active to heat and the right over- 
active to cold. 

These findings provide an important new method of in- 
vestigating disease of the brain, but the technique is difficult 
and requires special study. 

II. In this study the special methods described in paper I 
were applied to 9 cases subjected to an operation to destroy 
one labyrinth. All were suffering from Meniere’s disease. 
Following operation there was complete deafness of the 
affected ear with an absence of any response to caloric stimu- 
lation. In all cases there was a striking change in the re- 
actions of the intact ear after operation. This consisted of 
an increase of the hot and a diminution of the cold responses. 
These caloric tests were repeated at intervals and a consider- 
able degree of restoration towards normal was observed. 
The central mechanisms responsible for these observations 
are discussed at length with special reference to the earlier 
work of Barany (1906, 1907) and Ewald (1892). 

III. In this paper the authors give a detailed clinical study 
of 50 cases of Meniere’s disease. Among the many features 
analysed, foci of infection in the nose and throat were found 
to be rare. Some impairment of hearing was present in ail 
50 cases and was bilateral in 43. The caloric reactions were 
abnormal in 47 cases, the vestibular functions being tested as 
described in papers I and II. Abnormalities in the reactions 
were interpreted as unilateral utricular paresis in 10 cases, 
unilateral canal paresis in 29 cases, and both these together 
in 8 cases. This new and delicate method of testing the 
vestibular reactions has evoked a high proportion of ab- 
normalities (94%) in cases of Meniere’s disease. The 
responses are taken to indicate the presence in this disease of 
paretic lesions of the utricle and external canal. 

[Tlte above summaries are only the barest outline of a 
comprehensive and detailed investigation which is fully 
reported in the original papers.] 
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THE IN3TSTIGAT10N OF M£NI£RE’S DISEASE 
by C. S. Hallpike, Journal of Laryngology and Otology, 58, 
349-362, September 1943 

In this paper the author reviews the details and rationale of 
certain modifications in the technique of the caloric tests 
proposed by Fitzgerald & Hallpike (1942). The use of both 
cold and hot stimulation is essential for the demonstration 
of directional preponderance, a phenomenon first described 
(as Nystagmiisbereitscliaft) in 1923 by Dusser de Barenne 
and de Kleyn in connection with experimental lesions of the 
cerebral hemispheres in rabbits, and later by Fitzgerald & 
Hallpike in association with lesions of the human temporal 
lobe. 

Directional preponderance may also occur as the result 
of a unilateral labyrinthine lesion. This it may do in the 
natural course of Meniere’s disease, as first recogm'sed by 
Vogel in 1929, or it may result from total destruction of 
one labyrinth by suppuration or surgical exenteration. 

In these circumstances, directional preponderance is 
revealed by a characteristic alteration in the relationship 
of the cold and hot caloric responses of the intact ear, the 
former being inhibited and the latter enhanced. This 
alteration in the caloric responses of the intact labyrinth was 
described by Cawthorne, Fitzgerald & Hallpike (1942) in a 
series of 9 cases in which unilateral labyrinth destruction 
was performed for intractable Meniere’s disease. 

The alteration corresponds to, and is accompanied by, an 
exaggeration of the response to ampullo-petal displacement, 
by rotation, of the endolymph of the external canal. 

This effect of unilateral labyrinth destruction upon the 
rotational responses has been well known since Barany and 
was explained by him upon the basis of Ewald’s Law * as 
being the normal response of the isolated external canal and 
its associated central connections. 

The findings of Cawthorne, Fitzgerald & Hallpike have, 
however, shown that the characteristic alterations in the 
caloric responses of the intact canal occur only after 
destruction of the opposite labyrinth. It is therefore re- 
garded as an instance of directional preponderance, a patho- 
logical change in the central responses of the canal due to 
destruction of the opposite labyrinth. In the light of these 
findings, the author does not regard Ewald’s Law as applicable 
to the external canal of the intact human subject, and he 
argues that it is the destruction of the utricle which deter- 
mines the occurrence of directional preponderance. 

The results of the caloric tests are analysed in a series of 
KX) cases of Meniere’s disease and compared with the findings 
of de Kleyn and Versteegh in a similar series published in 
1933. 

Three main types of abnormal response were encountered ; 

i. Directional preponderance (21 %). 

ii. Canal paresis (49 %). Here there occurs an equal 
depression in both cold and hot responses of one external 
canal. 

iii. Combinations of i and ii. Such combinations occur 
'rith some frequency (18%) and are recognisable by a 
characteristic alteration in the pattern cf the caloric response. 

In 12 of 100 cases the caloric responses were normal. 
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THE TREATMENT OF MENIERE’S DISEASE 

by T. E. Cawthorne, Journal of Laryngology and Otology, 

58, 363-371, September 1943 

The author briefly reviews the medical and surgical measures 
in vogue for the treatment of Meniere’s disease. Pheno- 
barbital or hyoscine are regarded as being the most satis- 
factory drugs, while good results have been obtained with 
an anti-retentional regime upon the lines advocated by 
Furstenberg, Lashmet & Lathrop (1934). 

Little evidence is found in support of the view that oro- 
nasal sepsis or eustachian obstruction play an important 
role in the a:tiology of the disorder. Of operative procedures, 
favourable results have been obtained in both of two patients 
subjected to drainage of the saccus endolymphaticus by the 
method of Portmann (1927). 

The author describes in detail his method of opening 
the external canal with dental drills under a magnification 
of X 10 with a Leitz dissecting microscope. The mem- 
branous canal is exposed and a portion is seized with small 
forceps and removed. No alcohol is injected. The results 
obtained with this procedure in 52 cases are analysed. In 
all a complete loss of cochlear and vestibular function was 
found. 

In 48 cases the vertigo was improved, in 22 it was abolished, 
and it was unchanged in only 4 cases. Tinnitus was improved 
in 23 cases and not improved in 25. 

The author emphasises that distortion of hearing in the 
affected ear may be as important a disability as deafness. 
Its relief by laljyrinthotomy may be one of the striking 
benefits of the operation. 

Reference is made at some length to recent work on the 
rehabilitation of patients subjected to labyrinthotomy. For 
this purpose systematic exercises have been devised by 
Dr. Cooksey at Horton Emergency Hospital, and the results 
appear to have been excellent. 
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AUDIBILITY OF THE RADIO VOICE [DISCUSSION] 
by T. B. Jobson, J. Snagge, V. E. Negus, E. P. Fowler, D. 
Guthrie & E. D. D. Dickson, Proceedings of the Royal Society 
of Medicine, 37, 263-269, April 1944 

Dr. T. B. Jobson ; There are two points of view to be con- 
sidered — that of the broadcaster and that of the audience. A 
frequent cause of inaudibility is a lack of clear enunciation 
on the part of the announcer, for which the only cure is a 
study of elocution. Quite apart from broadcasting or acting, 
people ought to be taught to speak properly. Elocution 
should be a standard subject in schools. 

With regard to the audience, a fairly high proportion of 
radio listeners are partially deaf. Such p>ersons find it a 
strain to listen, and their reaction to sounds becomes delayed. 
Consequently they miss much of what is said, become 
strained and fatigued, and ultimately they are tired of listening 
and abandon it. This is especially true of elderly persons. 
In senile deafness there is not only a loss of hearing but also 
a delayed interpretation of what is heard, and this factor 
cannot be measured by the audiometer. 

The B.B.C. announcers have an audience of millions. 
Some can hear the high tones better, others the low tones. 
Hearing acuity for the higher tones steadily diminishes with 
age above the age of 30, and this defect becomes apparent in 
rnany persons at 50-60 years of age. The majority of 
listeners can hear a man’s voice more easily than a wuman’s. 
Slow deliberate spe^h, though more audible, is apt to be 
tedious, but there is an optimum rate sshiwh shou.d b- 
adopted in broadcasting. 

Mr. John Snagge (British Broadcasting Corporation): 
Deafness in listeners is only part of the problem which faces 
the announcer. All the \arious factors «hich make for 
claritv in speech, such as emphasis, pausing, speed, and 
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intonation, must be considered. Moreover, the speech 
employed must be a standard English, intelligible to all 
English-speaking people. The slowest speaker is not always 
the most audible. 

Recently an investigation was made of the speed of speech 
in a number of persons who broadcast. Figures taken over 
3-minute periods showed that the speeds of professional 
broadcasters were greatest. In three minutes, the most 
rapid news-reader spoke 528 words, the slowest 488. The 
Prime Minister averaged 400 words, the Archbishop of 
Canterbury, 325 words. Public oratory is of necessity slower 
than broadcasting from a studio. The public speaker can 
gauge his speed from the effect on the audience. If the 
broadcaster were to speak as though he were on a platform, 
listeners would be the first to object. The quality of the voice 
is often more important than the speed. Some voices arc 
merely disturbing and irritating, so that the listener ceases to 
listen and then imagines that he cannot hear. The broad- 
caster, unable to emphasise his words by gesture, depends 
entirely on his voice. Furthermore, he is obliged to be im- 
personal in conveying news or information. Not only is 
correct speech essential ; there must also be correct timing 
of pauses. The pause, not only between sentences, but in 
mid-sentence, has great effect as a means of emphasis. The 
success of many broadcasters lies not so much in what they 
say as in the way they say it, using everyday talk in the 
language and phraseology of the ordinary man. 

Mr. V. E. Negus ; The range of hearing is attuned to the 
range of the human voice. The important range appears to 
be between 500 and 4000 vibrations. Elimination of high 
tones renders speech unintelligible, and if a receiving set 
could be devised which cut out the low tones and amplified 
the high, it would be very useful to persons suffering from 
high-tone deafness. 

Major E. P. Fowler (U.S. Army) : The important range 
is even smaller than Mr. Negus has stated, probably from 
800 to 3000. The consonants, especially s, t, and th, are the 
jtters upon which the intelligibility of speech depends, 
ladio speakers should be taught to give emphasis to the 
pnsonants. Listeners who complain that they cannot hear 
iroadcasts are usually affected by high-tone deafness. 

Dr. Douglas Guthrie: Pitch is more important than 
audness. If a speaker becomes excited, the pitch of his 
oice tends to rise. Another factor of great importance is 
he pause, and it must be remembered that about 30 % of 
ur speech consists of pauses, that is, of silence. The average 
^ate of speech is 160 words per minute. Nevertheless the 
word is an inconstant unit, of varying length. It would be 
better to count the number of phonemes or speech sounds, 
each of which lasts -so to i\- of a second. The scientific 
study of speech has hardly yet begun, although it offers a 
wide field for investigation by the cathode-ray oscillograph 
and by other accurate methods of recording, 

Air-Commodore E. D. D. Dickson (R.A.F.) : Control 
officers are now taught the correct method of giving orders 
by the use of gramophone records of their voices which are 
played back to them so as to make them aware of their 
faults. 

Mr. John Snagge (in reply): Although, in war time, 
scientific investigation by cathode ray and other methods has 
not been possible, it is hoped that this may be undertaken in 
future. Regarding gramophone records, it is impossible to 
tell, from listening to these, whether a given speaker will be 
a success at the microphone. The speech must first be 
recorded. The problem of studio acoustics has been studied 
and it has been found that the construction of the room or 
the lining of the walls has little effect upon reception by the 
distant listener. Some broadcasters prefer to hear themselves 
when they speak, others do not. 
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SPEECH DEFECTS 

by P Henderson, Monthly Bulletin of the Ministry of Health 
and the Emergency Public Health Laboratory Service, 3, 


i-69. May 1944 

iiis is a short review by a medical officer of the Board of 
location The author criticises the terminology used by 
.me speech therapists and calls for a simplification and 
andardisation of the nomenclature of speech defects. He 


Slows"- ®“'‘^ble for speech therapy as 

i. Stammering 

ii. Defects of Articulation 

a. Dyslalia {e.g. lisping) 

b. Rhinolalia 

(i) rhinolalia aperta (defective nasopharyngeal 
occlusion) 

(ii) rhinolalia clausa (nasal obstruction) 

c. Cluttering (hurried, jumbled speech) 

d. Idioglossia (articulation grossly defective) 

c. Dysarthria 

iii. Defects of Voice 

a. Aphonia 

b. Dysphonia 

iv. Aphasia 

This may be classified (o) neurologically— as motor 

(expressive) or sensory (receptive)— or (h) psycho- 
logically— as nominal, syntactical or semantic. 

The author refers briefly to the methods of treatment 
employed in different conditions. The work of a speech 
therapist is best done as a member of a team, and it is im- 
portant that there should be close co-operation with the 
school medical officer. In some areas, health visitors report 
defects of speech in children below school age, and the speech 
therapist visits the parents and advises them. Whenever 
possible, a speech therapist should work also at the local 
hospital. In the author’s opinion, a school population of 
about 10,000 justifies the appointment of a whole-time speech 
therapist. 
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SPEECH THERAPY FOR CERTAIN VOCAL DISORDERS 
by M. Badcock, Journal of Laryngology and Otology, 57, 
101-112, February 1942 

Speech therapy is the treatment of defects and disorders of 
the voice and speech. Three groups of vocal disorder are 
considered in this paper by a speech therapist : 

i. Aphonia and Dysphonia of Organic Post-operative Origin 

In operations on the larynx some part or the whole of 
the voice-producing mechanism may be removed and an 
entirely new voice-producing technique must be evolved. 

Re-creation of the voice after such an operation as laryngo- 
fissure depends upon the formation of a fibrous band which 
replaces the lost tissues. This band makes contact with 
the vocal cord of the healthy side. 

Method of instruction. The patient closes the hands and 
presses the backs of the fingers together with the hands 
horizontally in front of the body, level with the chest and a 
little distance away from it. The therapist tries to draw the 
hands apart and the patient must resist. This creates the 
requisite amount of tension to cause the true vocal cords to 
work. If the pressure and the tension are too great the 
false cords will be used instead. The therapist must use 
just enough force to let the patient feel a little resistance. 

When complete laryngectomy has been performed the 
therapist can adopt either of the following courses : 

(a) to teach the patient to use a laryngectomy reed,^r 

(b) to teach him oesophageal speech. 

(o) Use of the laryngectomy reed. The laryngectomy reed 
is an artificial larynx, consisting of a small metal cylinder 
which contains a reed. A tube leads from the tracheotomy 
cannula to the cylinder. Another tube leads from the 
cylinder to the mouth and is held just inside the lips. Sound 
from the vibrating reed is converted into speech by the 
action of the tongue, teeth and lips. 

In using the reed, difficulty is often experienced in regu- 
lating the breathing during- speech, and patients find that the 
flexible rubber tube in the mouth interferes with articulation. 

The patient is told to breathe easily and exhale as slowly 
and steadily as possible. The reed is then used and he 
repeats the exercise, feeling the vibrations of the ^d in 
his mouth and regulating his breathing till a satisfactory 
volume of tone is obtained. 
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Exercises for mobility and control of the tongue and lips 
are followed by practice of vowels and consonants. These 
are studied in a mirror, first while holding in the mouth a 
piece of rubber tubing exactly corresponding to the mouth- 
piece of the reed, then while using the reed itself. Easy 
single-syllable words are followed by short phrases which 
must be spoken smoothly. 

(b) (Esophageal speech. This method involves the sub- 
stitution of controlled eructation for laryngeal speech. The 
patient is told to close the mouth and to contract the supra- 
and infra-thyroid muscles, thereby fixing, drawing fonvard 
and opening the upper sphincter of the oesophagus, to which 
the muscles have become attached. Air passes into the 
upper part of the oesophagus, is retained for a short time and 
expelled at will with the mouth slightly open. Sound is 
produced by varying the tension of the sphincter and is 
modified into speech by the accessory organs of articulation. 
When the patient can produce sound in this way he modifies 
it into vowels, combines vowels and consonants and uses 
single-syllable words and short phrases. 

With practice, speech becomes fluent and the voice, though 
low-pitched and rough, is not repulsive. 

ii. Aphonia and Dysphonia of Functional Origin 

Case histories of these disorders frequently show that 
there has been some local organic trouble at the time of, or 
previous to, the onset of the voice defect. The functional 
aspect of the condition is shown by the possibility of pro- 
ducing a noisy cough. The onset usually follows some shock 
or severe emotional disturbance. 


Complete aphonia is characterised by complete abduction 
of the cords during attempted phonation. In dysphonia, 
normal voice may come intermittently with periods of com- 
plete aphonia, or an incomplete degree of adduction is 
achieved, where tension of the cords is poor, where spasmodic 
closure of the glottis occurs, or where the ventricular bands 
are brought into contact as well as, or perhaps instead of, 
the vocal cords. 

The underlying psychological cause of the disorder is 
always subconscious and unless treated there will be a 
tendency to relapse. 

Method of treatment, (a) It is important to convince the 
patient that the symptoms are not of organic origin, and to 
draw attention away from the throat. (6) Correct voice 
production should be described and induced in the patient 
by suggestion and persuasion. The hand-pressure method 
already described is useful in these cases, (c) The psycho- 
logical aspect of the condition must be investigated, and the 
patient should be referred to a psychotherapist if necessary. 

iii. Voice Defects Resulting from Severe Deafness 

The object of treatment is to prevent deterioration of the 
voice. 

Method of instruction. By placing the finger-tips lightly 
on the throat in the region of the larynx during phonation 
the patient can distinguish variation of pitch and volume. 
Inflection as well as pitch and volume must eventually be 
controlled without using the fingers by the patient’s memory 
of voice and by sensations experienced in the larynx and 
resonance cavities during phonation. 
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DISEASES OF THE NOSE, THROAT AND EAR 
by L S. Han. Third edition. Edinburgh, E. & S. Liringstone, 
1944. 459 pages ; 90 iUustrations. 15s. [£0.75] 

^ account of the subject, written primarily for the senior 

student and the general practitioner, and providing sufficient 
inlormation for their ordinary needs. It is divided into six main 
sections, which deal with the nose, nasal accessory sinuses, pharynx, 
endoscopy, and the ear respectively. The more common 
anecliqns of these organs are discussed in detail and the simple 
operative procedures are described. The book is well arranged 
and production is of a high standard ; the illustrations, some of 
Which are in colour, are excellent. In this new edition of the book 
the ^bjwt matter has been revised, and a rearrangemerit of the 
text has been carried out to facilitate reference. Several additional 
dia^ms and plates have been added. This is an excellent survey 
01 the subject. 
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textbook of medical treatment 

by vmoiis writers. Edited by D. M. Dunlop, L. S. P. Davidson & 
J. M. McNee. Third edition. Edinburgh, E. & S. Livingstone, 
1944. 1218 pages. £1 10s. [£1.5] 

wWif field of medical treatment is covered by this book, 

.u ® collective work, written by a number of authorities, 
er the editorship of three professors of medicine in Scotland, 
m arranged under the following main headings: 
fiih . diseases ; (ii) clinical use of the sulphonamide drugs ; 

j- _ccmosis ; (iv) common diseases of the skin ; (v) venereal 
^ common tropical diseases and helminthic i^ections ; 
kiln common disorders in infancy and early childhood ; 
f hp ^ 'odustnal diseases ; (ix) metabolic diseases ; (x) diseases of 
plTnri!. . diseases of the blood, spleen and lymphatic 

] , diseases of the alimentary canal ; (xiii) diseases of the 

der and biliary tract, pancreas and peritoneum ; (xiv) 
?.,~^.^cart and circulation ; (xv) diseases of the blood 
nose th' bmbs and the effects of cold ; (xvi) diseases of the 
N''ii) diseases of the respiratory system; 
eases discMcs; (xL\) chronic rheumatic diseases and dis- 

theranv.- tUs^es of the nervous system ; (xxi) psycho- 

therapy ®®"cral practice ; (xxii) technical procedures and oxygen 


This new edition has been extensively amended to include the 
most recent advances in medical therapeutics, especially those in 
the field of chemotherapy. The sections dealing with cerebrospinal 
fever, sprue, the hsmorrhagic and hEmolytic diseases of the new- 
born and of adults, compressed air illness, diabetes of pregnancy, 
myxeedema, the x-ray treatment of thyrotoxicosis, parathyroid 
tetany, diabetes insipidus, dyspepsia and the treatment of peptic 
ulcer, essential hypertension, head injuries, blood transfusion and 
oxygen therapy have been completely or partly re-written, and 
new matter has been added on meningococcal septicEmia, spon- 
taneous hypoglycasmia, male hormone therapy, deep x-ray treat- 
ment of certain blood diseases, patent ductus arteriosus, the effects 
of cold, the rhesus factor. Some of the directions for dietetic 
treatment are impracticable in war-tiine, and wherevei^o^ble 
the writers have suggested alternative items of food. The book 
has been written for students and practitioners, in an endMvour 
to fill the therapeutic gap left by most textbooks on general mediane. 
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TEXTBOOK OF HISTOLOGY FOR MEDICAL STUDENTS 


f E. E. Hewer. Third edition. London, IV. Heinemann (Medical 
ooks), 1944. 364 pages ; 344 illustrations. 17s. 6d. [£0.875] 
This textbook is written primarily for medical students by one 
ho has had 30 years’ experience in teaching them. In ns 3/ 
lapters are described and depicted the minute structures of the 
uroan body ; emphasis is laid on the physiological ^j^rances 
ad their relation to function, rather than on the so^Iied 
ate.” The illustrations, which reach a very high standard, consist 
r low-power photomicrographs and dia^mmatic line drawing. 
1 this new edition some minor revisions bnng the 
hile a number of new photomicropaphs have ^d-ed 
a useful appendix describing the more impci^nt histolopol 
lethods. This is in every respect a well-produced volume ..nd ,. 
iliinhlf* piiide to the study crhislolog>’. 


HANTJBOOK OF DIAGNOSIS 

OF VEN'EREAL DISE.VSES 

A. E. W. McLachlan. Edinburgh, E. & S. Livingstone, 1 t44. 

I pages ; 159 niastrations. 15s. [£0.75] 

he author, who is in charge of the %'rae^' D:s^» 

at at Newcastle General Hospital, has had mi — ex,. — . i.. 
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the instruction of undergraduate and postgraduate students in the 
subject and is well qualified to write this concise introduction to 
the principles of diagnosis and treatment of diseases of venereal 
origin. He points out that in no other department of medicine 
is there a greater responsibility on the part of the practitioner to 
maintain a constantly high index of suspicion as to the possible 
occurrence of a venereal disease, to detect or exclude infection at 
the earliest possible moment by the routine application of the 
appropriate laboratory tests, to impress upon the patient the 
dangers of neglect of treatment, and to carry out adequate treat- 
ment and tests of cure in cases of established disease. The book 
is divided into the following chapters : (i) the course of acquired 
syphilis ; (ii) the diagnosis of primary syphilis ; (iii) the diagnosis 
of early generalised (secondary) syphilis ; (iv) the treatment of 
early syphilis ; (v) late generalised syphilis (tertiary syphilis) ; 
(vi) syphilis of bones, joints, muscles, tendons and bursae ; (vii) 
cardio-vascular syphilis ; (viii) manifestations of syphilis in other 
viscera, organs, and glands ; (ix) neuro-syphilis ; (x) the diagnosis 
and treatment of congenital syphilis ; (xi) chancroid ; (xii) gonor- 
rhoea in the male (anatomy of male genito-urinary tract) ; (xiii) 
diagnosis and treatment of gonorrhoea in the male ; (xiv) compliea- 
tions of urethritis in male lower genito-urinary tract ; (xv) gonor- 
rhoea in the female (anatomy of the female genito-urinary tract) ; 
(xvi) diagnosis and treatment of gonorrhoea in the female ; (xvii) 
gonococcal proctitis ; metastatic complications of gonorrhoea ; 
muco-cutaneous manifestations of gonorrhoea ; (xviii) vulvo- 
vaginitis ; (xix) gonococcal infections of the eye ; (xx) urethro- 
scopy; (xxi) other conditions commonly referred to venereal 
diseases departments. Nineteen of the illustrations are in colour. 
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MANUAL OF PSYCHOLOGICAL MEDICINE 
For Practitioners and Students 

by A. F. Tredgold. London, Bailliire, TindaU & Cox, 1943. 298 
pages. 18s. [£0.9] 

The author of this manual is Consulting Physician to University 
College Hospital, London. The book gives a reasonably full 
account of the many forms of mental abnormality met with in 
medical practice. After describing the various manifestations of 
mind, the author discusses the causation and symptomatology of 
mental disease. Chapters are devoted to the description and 
treatment of mental instability, anxiety states, hysteria, neuroses 
and psychoses, neurasthenia. The writer makes a distinction 
between schizophrenia and dementia pnccox, outlines the history 
the doctrines regarding them, and briefly refers to their treat- 
ent. Further chapters fully describe mental disorders of toxic, 
fectious, syphilitic and traumatic origin respectively. Other 
rms of organic disease give rise to mental disorder ; a description . 
‘these is followed by an account of mental disease associated with 
lild-bearing. The book concludes with chapters on mental 
:cay and mental and moral defect, an account of psychotherapy, 
:cupational therapy, shock therapy, narcotherapy, and a con- 
deration of the legal and sociological aspects of psychological 
edicine. The writer obviously has a considerable acquaintance 
ith the history and literature of this very complicated branch of 
...edicine ; great care has been taken to present the subject in a 
clear and readable form. A carefully prepared index is included. 
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THE SYMPTOMATIC DIAGNOSIS AND TREATMENT OF 
GYN/ECOLOGICAL DISORDERS 


by M. Moore White. London, H. K. Letvis & Co., 1944. 229 
pages ; 107 illustrations. 16s. [£0.8] 

A large proportion of the gynaecological complaints encountered 
by the general practitioner comprise minor ones such as pain, 
backache, leucorrhoea, and disturbances of menstruation. This 
book is written with the aim of helping the general practitioner in 
treating women suffering from such ailments and also to enable 
him correctly to diagnose conditions which might benefit from 
treatment not usually within his capacity. It is not an exhaustive 
textbook of gynaecology, although it embodies much useful in- 
formation and is obviously the work of a writer of large and varied 
clinical experience. The book is divided into the following 
chapters : (i) vulval and vaginal disorders ; (ii) pruritus vulvae ; 
(iii) amenorrhoea; (iv) dysmenorrhc^ ; (y) menorrhagia ; (yi) 
irregular vaginal haemorrhages ; (vii) vaginal discharge ; (viii) 
vaginal and uterine prolapse ; (ix) dyspareunia ; (x) unnaiy 
frequency, incontinence, and retention ; (xi) pelvic pain ; (xii) 
backache; (xiii) sterility ; (xiv) the menopause ; (xv) gyn$cologiral 
causes of abdominal pain and enlargement , (xvi) distressing ante- 
natal symptoms ; (xvii) pre- and post-operative treatment and 
complications; (xviii) contraception; (xix) radiation ther^y in 
evntecoloev. An appendix gives information on ^ the different 
hormone pi-eparations now available. The author includes some 
good illustrations. , 
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THE CONTROL OF CROSS INFECTION IN HOSPITALS 
Medical Research Council War Memoimdum No. 11 London, 
H.M. Stationery Office, 1944. 34 pages. 6d. [£0.025] 

About a century ago, hospitals were being closed^nd in some 

cast dem^SeTlblc^use the 

as wound infection was then descnbed. The improvement re 


from the work of Lister and his successors was so etmi 
that attention was distracted from the importance of infS 
acquired in hospital from other patients, from the medial w 
nursing staff or from visitom. Recent work has shovra that 
hospital mfi^tion is still a problem of considerable gravity which 
affects particularly hospitals for infectious diseases, hospitaS 
infants, and surgical wards. Transmission of infection mav be 
by persons (immediate and mediate), by droplets, or by ward du^ 
(which may contam virulent organisms). 

In 1939, the Preventive Medicine Committee of the Medical 
Research Council, recognismg the importance of the problem 
appointed a Sub-Committee on Cross Infection in Hospital Wards’ 
which is responsible for the present memoranduiri. Sir W. Wilson 
Jameson, Chief Medical Officer of the Ministry of Health, writes 
an introduction, in which he emphasises the practical importance 
of the subject. Chapter headings are : (i) prevalence and conse- 
quences of cross infection ; (ii) sources and modes of infection • 
(iii) the prevention and control of cross infection, and (iv) pro^ 
cedure following the occurrence of infection in a ward, 'ftere are 
appendbccs on (o) disinfection and sterilisation, (6) rules for 
isolation nursing in cell or open ward, (c) special precautions for 
maternity units, {d) rules for a ward dressing team, (e) applica- 
tion of crude paraffin oil to floors, and (/) course of practical 
bacteriology for nurses. Finally there is a bibliography con- 
taining 7 general and 57 special entries. 

This is an exceptionally useful publication. 
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DISEASES OF THE CHEST 

by R. Coope. Edinburgh, E. & S. liTingsfone, 1944. 524 pages ; 
160 illustrations. £15s. [£1.25] 

This book has been designed to give the student an introduction 
to diseases of the chest, and it should not be considered as a manual 
of reference. It stresses the fundamental principles, in order to 
give the learner a good basis upon which to build his knowledge, 
and this means the sacrifice of a great many details which are 
usually found in more orthodox textbooks. There is a particu- 
larly good account of the clinical examination of the patient and 
of physical signs ; those signs which are of real practical importance 
have been carefully selected for description. The author pays 
special attention to the principles of treatment and shows a very 
human insight into the patient’s point of view. Altogether this 
is an excellent book for the student and young practitioner and, 
although it may appear long, it is very easy to read. Chapter 
headings are : (i) physiological and anatomical considerations ; 
(ii) symptoms ; (iii-v) physical signs — insjjection, palpation, 
percussion, auscultation ; (vi) radiology ; (vii) collapse of the 
lung ; (viii) foreign bodies in the air passages ; (ix) bronchiectasis ; 
(x) bronchial carcinoma and other intrathoracic tumours; (xi) 
upper respiratory infection — the common cold ; (xii) influenza^ ; 
(xiii) oxygen therapy ; (xiv) acute bronchitis ; (xv-xvi) chronic 
bronchitis and emphysema ; (xvii-xviii) the pneumonias ; (xbc) 
abscess of the lung ; (xx) pulmonary tuberculosis ; (xid) un- 
common pulmonary infections and other lesions ; (xxii) diseases 
due to the inhalation of dusts, fumes and gases ; (xxiii) pulmonary 
fibrosis ; (xxiv) pleurisies ; (xxv) empyema ; (xxvi) thoracic 
complications of sub-diaphiagmatic infection ; (xxvii) pneumo- 
thorax ; (xxviii) spontaneous hemothorax, hydrothorax, chylo- 
thorax ; (xxix) developmental pulmonary cysts ; (xxx) asthma ; 
(xxxi) circulatory disturbances of the lungs ; (xxxii) chest injuries ; 
(xxxiii) mediastinal lesions ; (xxxiv) diaphragmatic lesions. The 
appendix consists of 32 x'-ray plates. 
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THEORY OF OCCUPATIONAL THERAPY 


y N. A. Haworth & E. M. Macdonald. Second edition. London, 
lailliire, Tindall & Cox, 1944. 148 pages ; 68 illustrations, 
s. 6d. [£0.375] 

The term “ occupational therapy ” came into use during the 
ist war to describe the “work cure,” then used principally in 
rental hospitals. More recently attention has also been focused 
n the value of active exercise in physical ailmerits, and occupa- 
ional therapy is establishing its place in the rehabilitation schema 
if both general and special hospitals. The book riow reviewed is 
nitten primarily for students training 'as occupational therapists 
nd for nurses who will have the supervision of patients receiving 
his form of treatment. It gives in detail the application of vanous 
rafts to individual illnesses. The occupational therapist should 
lot only have a practical knowledge of occupations suitable for 
arious conditions, but should also understand how to apply 
hese crafts therapeutically and to meet the needs of each individual 
latient ; the information contained in this book adequately 
lOvers this requirement and should prove useful to all oth^, 
loctors and medical auxiliaries, interested in ^he subject, the 
irst edition, which appeared in 1940, was Ae &st °° 

iccupational therapy to be published m Bntain. Its 
lave had extensive experience of their subject, particularly wit 

nental cases and in the trai^g mattS 

he new edition the text has been revised and there is new matter 
,n occupational therapy in a general hospUal, tr^h^nt of 
lardlac cases, head injunes, arid arthritis. The book ^ arrang^ 
n the foUowing chapters: (0 introductory , (^ oaupan^^^^^^ 
herapy in the treatment of mental disorders and i" ’ 

iii) orcupational therapy in a general hospital and in orthops^c, 
;uiS and cardiac cases ; (iv) occupational therapy m je treaty 
nent of tuberculosis ; (v) equipment, apparatus, matenals, et . , 
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(vi) records, prescriptions, etc. ; (vii) fin.nncc ; (viii) training. In 
addition, an extensis’e bibliography covers every aspect of the 
subject, from anatomy and physiology to manuals on the various 
crafts described, and a list of suppliers of materials and apparatus 
is giren in an appendix. The book is adequately illustrated. 
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MEDICAL PHOTOGRAPHY 
Radiographic and Qlnical 

by T. A, Longmore. London, Focal Press, 1944. 425 pages ; 
160 illustrations. £1 5s. [£1.25] 

Information sufficient for an adequate technical knowledge of 
medical photography, both radiographic and clinical, has until 
now been scattered among a vast literature on radiology and 
photography. The author of the abo\’e work, who is Instructor 
at the Army At-Ray School, has brought together for the first time 
in one volume all the information necessary to provide an adequate 
working knowledge of this subject. Assuming no previous 
acquaintance with the subject on the part of the reader, he com- 
mences with a description of the photographic process, and arranges 
the rest of the book in three parts. The first, devoted to raffio- 
^phy, is divided into the following sections : (i) .r-ray materials ; 
(ip ar-ray apparatus ; (iii) screens and cassettes ; (iv) cones and 
diaphragm ; (v) radiographic e.xposure factors ; (vi) the radio- 
^phic image ; (vii) chemistry of development ; (viii) fixing ; 
(i.x) methods of processing; (x) rinsing, washing and drying; 
(ri) tropiral processing of jc-ray films ; (.xii) photographic solu- 
tions ; (xiiO reduction and intensification ; (xiv) the .x-ray dark- 
room ; (xv) faults in radio^phs. Part II deals with clinical 
photography ; in it the principles of the camera are described in 
detail, followed by sections on (i) negative materials ; (iO light 
.(iii) clinic^ phototechnique ; (iv) reproduction of tone ; 
(v) printing; (vi) processing clim’cal materials ; (vii) after-treatment 
Md finishing. _ Part HI considers the special techniques employed 
in mass miniature radiography, cineradiography, tomography, 
x-ray stereoscopy, colour reproduction, stereoscopic photography, 
simple photomicrography, electrocardiography, and the 16 mm. 
motion picture camera. The Appendix includes a formulary, 
tables of weights and measures, details of photographic chemicals 
and some substitutes for .them, and a glossary of terms. The 
TOOK is profusely Illustrated with diagrams, line draivings and 
half-tones, and is obtiously the work of a writer with considerable 
experience of his subject. Although addressed primarily to radio- 
sphere and other medical auxiliaries, it will also be of value to 
the radiologist and the ph>'sician interested in clinical photography. 
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REPORT ON A NATIONAL MATERNITY SERVICE 

published by the Royal College of Obstetricians and Gynxcologists, 
58 Queen Anne Street, London, W.l, 1944. 43 pages. Is. 6d. 
[£0.075] 

This Report w-as prepared by the Maternity and Infant Health 
bervices Committee of the Royal College of Obstetricians and 
V^®'?.*°Sists, under the chairmanship of Dr. Eardley Holland. 
Alter discussing the pr^ent maternity service and its defects it 
i^mmends the formation of a national maternity service, em- 
oracing all existing services and controlled by a single ad-’ 
^Men^"^^ d“*l'ority. This integration is considered essential for 

A maternity service should have three principal aims : (i) to 
onng the mother safely through pregnancy, labour and puerperium ; 
mj to secure the birth of a healthy infant ; (iii) to leave the mother 
puerperium as she svas when she became 
making better use of present resources, maternal 
mortality could be considerably lowered. 

P.^TOses of a national service it is suggested that Britain 
L having populations of about 1,000,000 and 
■L „ .15,000 births a year. It is also suggested that the 

large health regions in which the service 
thir, irvf .P” or primary centres consisting of not more 
(with at least one-third of them antenatal 
1 Other clinics, a department for infants under 

*®^ratories, and teaching and research facih'ties. 
or m^iral reho^ would, where possible, be a part of a university 

serxice would be based on divisional maternity 
associated with the key centres, and at the peri- 
w’nniH "oold be small local centres. The university centres 
crntr».c . ^ ‘Ij'jP'isrEraduate schools, and some of the dixisional 
wivw "'°0‘o be the postgraduate schools and schools for mid- 

made for the close association of general prac- 
such u 1 j ^^rvice through local centres. Qualifications for 
orK should be special and approved postgraduate e.xperience. 
for and economic aspects of the problem, the necessity 

offimSJ'rr pohiuon during pregnancy and for a Wgh standard 
are stressed. The problems of the mother in industry 

rccoen.^Sf'^V importance of home helps and nurseries is 

cduMt:^' *5 also attached to the general health 
Parcnihi^*^'’'" should include instruction in sex and 
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CLINICAL PRACTICE IN INFECTIOUS DISEASES 
for Students, Practitioners and Medical Officers 

by E. H. R, Harries & M, Mitman. Second edition. Edinburgh, 
E. &S. Livingstone, 1944. 570 pages ; 52 iUustrations. £I2s. 6d. 
[£1.125] 

The practical experience of the authors, both medical super- 
intendents of lu)ndon County Council fever hospitals, is combined 
in this work with an exposition of modern fever practice as reflected 
in other writings. The preliminary chapters deal with general 
topics such as the sources and modes of infection, resistance, 
allergy, diagnosis, laboratory aids and clinical tests. The chapters 
on individual diseases, twenty-five in number, are grouped primarily 
into inhalation and irigestion diseases. Hemolytic streptococcal 
fevers and epidemic diseases of the nervous system form separate 
sub-groups, each preceded by a d^cription of the features common 
to the group ; the ingestion diseases are similarly introduced. 
Certain diseases likely to assume increased importance under war 
conditions {e.g. Weil’s disease, the louse-borne infections) are 
included. Prophylaxis is emphasised throughout ; ample attention 
is given to the management of infectious diseases, and a final 
chapter deals with their control in hospitals. Chapters on Isola- 
tion and Chemotherapy appear for the first time in the new edition, 
which shows other signs of considerable enlargement and careful 
revision, including, at the end of each chapter, references for 
further reading. The authors consider that half-tone or colour 
plate illustrations of the exanthemata are rarely of any value to 
the student ; illustrations in this book therefore consist of line 
and colour diagrams. 
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COMBINED TEXTBOOK OF OBSTETRICS AND 
GTO/ECOLOGY 

for Students and Medical Practitioners 
revised by J. M. Mrairo Kerr, R. W. Johnstone, J. Young, J. Hendry, 

D. McIntyre, D. Baird, E. C. Fahmy, with additional contributions 
by C. McNeB and G. J. Wilson. Fourth edition. Edinburgh, 

E. & S. Livingstone, 1944. 1208 pages ; 511 illustrations. £2 2s. 

[£ 2 . 1 ] 

This book, the collective work of several eminent Scottish 
obstetricians and gynscologists, first appeared in 1923, having 
for its object the closer correlation of obstetrics and gynscology. 
The physiology and pathology of pregnancy are discussed in detail 
and the book deals in a practical manner with the management of 
normal and complicated labour, the puerperium, antenatal super- 
vision, the disorders of early infancy, and the gynscological 
problems met with in general practice ; the major gynacological 
operations are briefly described. The fourth edition contains 
59 chapters, grouped under the following sectional headings: 
(i) anatomy and physiology ; (ii) normal pregnancy ; (iii) pathology 
of pregnancy; (iv) normal labour ; (v) abnormal laboiu ; (vi) the 
puerperium ; (vii) the infant in the firet month ; (viii) obstetric 
operations; (ix) maternal mortality ; (x) gynscology ; (xi)gynsco- 
logical operations ; (xii) radiology. 

The chapter on analgesia and anssthesia contains important 
alterations, and additional matter has been incorporated in the 
chapter dealing with the health, nutrition and disorders of the 
newly bom infant. The section on sterility includes for the firet 
time notes on artificial insemination and birth control. The 
remaining sections of the book bear evidence of careful revision. 
Some fine coloured plates are included among the large number of 
illustrations, and an excellent index completes the work. 
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SURGERY OF MODERN WARFARE 


dited by Hamfiton Bailey. Sub-editor for medicine, C. Allan 
lirch. Third edition. Edinburgh, E. & S. lavingstone, 1944. 
'art TV : 210 pages ; 244 illustrations. 15s. [£0.75]. Part V : 
80 pages ; 115 iUustrations. 15s. [£0.75] 

The third edition of Surgery of Modem Warfare is being pul> 
shed in six parts, each bound in cloth. Seventy-s^en TOntn- 
utors are coUaborating in the work, tinder the editorship of 

lairdlton Bailey. ... . ^r.u- 

Part rv considers wounds of bones and joints, wounds or pc 
and and foot, wounds of tendons and peripheral iicrve mjunes, 
rounds and injuries of the spine, woimds of the head and 
Part V concludes the section on head and neck w ounds, ana deals 
nth otorhinolaryngology in relation to mjun«. wom^ of 
lie eye and orbit, wounds of the tnmk. All th^ subj^s -re 
iscuied by weU-known authorities with pracucal expemmee o. 
lodem war surgery. As in presio^ editions 
■•ell produced and lavisWy illustrated with colour and hJi-tO... 
lates and with line drawings. 


AN INTRODUCTION TO PH-ARhUCOLOCY AND 
THERAPEUTICS 

■ J A Gunn. Seventh edition. Oxford University Piw ; 
mdon, Humphrey .Maford, 1944. 268 pages. 7s. 6d. 

This was written originally to seis'e as a uV.i 

udent attending lectures on pharmaco.ogy and t 
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now, in its seventh edition, it has become reco^sed as one of the 
most useful short surveys of these subjects available. The author 
is Professor of Therapeutics and Director of the Nuffield Institute 
for Medical Research, Oxford. The present edition has been 
revised in accordance with the permanent changes made in the 
British and American pharmacopceiae during the last few years, 
and with the recent advances in pharmacology and therapeutics. 
Chapter headings : (i) introduction ; origin, action, preparation 
and administration of dru^ ; (ii) water and salts ; (iiij kations of 
the blood ; (iv) drugs acting on the alimentaiy canal ; (v) heavy 
metals ; (vi) metalloids ; (vii-ix) drugs acting on the central 
nervous system ; (x) drugs acting on sensory nerves ; (xi-xii) drugs 
acting at efferent nerve-ends ; (xiii) drugs which act directly on 
involuntary muscle ; (xiv) drugs acting on heart-muscle ; (xv) drugs 
acting on the respiratory system ; (xvi) drugs which influence 
metabolism ; (xvii) phenol and allied aromatic compounds ; 
(xviii) central antipyretics and analgesics ; (xix) drugs used in 
bacterial infections ; (xx) drugs used in trypanosomiasis and 
protozoal infections ; (xxi) drugs used in worm infections. There 
is a good index. 
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POLYGLOT GLOSSARY OF COMMUNICABLE 
DISEASES 

Contribution to the International Nomenclature of Diseases, Bulletin 
of the Health Organisation, League of Nations, 10, 201-556, 
1943/44. Geneva. [London, Allen & Unwin.] 4s. [£0.2] 

This glossary has been compiled by Dr. Yves Biraud, Head of 
the Service of Epidemiological Intelligence and Public Health 
Statistics of the League of Nations. There are fbur ’parts: 
(i) Description and method of use of the glossary, (ii) List of 
names of communicable diseases in the various languages follow- 
ing the classihcation adopted in the detailed International List of 
1938. In this list, the description according to the International 
List (in French) is followed by the descriptions in Latin, German, 
English, Bulgarian, Danish and Norwegian, Spanish, Estonian, 
Finnish, French, Greek, Hungarian, Icelandic, Italian, Latvian, 
Lithuanian, Dutch, Polish, Portuguese, Rumanian, Russian, 
Serbo-Croatian, Swedish, Czech and Turkish, (iii) Alphabetical 
index, (iv) Tables of correspondence between the items of the 
detailed and abridged International Lists of Causes of Death of 
1938 and 1929. 
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A PROVISIONAL CLASSIFICATION OF DISEASES AND 

INJURIES FOR USE IN COMPILING MORBIDITY 
STATISTICS 

Medical Research Council, Special Report Series No. 248. London, 
H.M. Stationery OflSce, 1944. 168 pages. 3s. [£0.15] 

This report has been prepared by the Committee on Hospital 
Morbidity Statistics of the Medical Research Council. The Com- 
mittee was formed in response to a request from the Ministry of 
Health to the Council to advise on a standardised classification of 
disease for use in civilian and military hospitals and with reference 
to the oflBcial Medical History of the War. 

Hie classification adopted in this report is provisional, but has 
been adopted by the Ministries of Health and of Pensions. Equiva- 
lent code numbers of the International List of Causes of Death 
and the Diagnosis Code of the United States Public Health Service 
are given. Die report is divided into the following sections: 
(i) introduction and coding rules ; (ii) classification of diseases 
and injuries ; (iii) tabular list arranged in the serial order of the 
International List of Causes of Death (fifth revision, 1938), with 
the applicable morbidity classification code number attached ; 
(iv) therapeutic classification ; (v) classification of occupations. 

It is anticipated that modifications will be necessary as a result 
of practice trial of the system, and users are invited to send criticisms 
and suggestions to the Secretary of the Committee, Dr. A. H. T. 
Robb-Smith. 
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INDEX TO THE MANUAL OF THE INTERNATIONAL 
LIST OF CAUSES OF DEATH 

(5th Revision, 1938) 

For use vrith the Medical Research CouncU’s Provisional Classifica- 
tion of Diseases and Injuries, 1943 (Special Report Series, No. 248). 
London, H.M. Stationery Office, 1944. 92 pages. 2s. [£0.1] 
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THE USE OF PENICILLIN IN TREATING WAR WOUNDS 
Medical Research Council War Memorandum No. 12. London, 
H.M. Stationery Office, 1944. 16 pages. 3d. [£0.0125] 

This memorandum has been prepared by the Penicillin Clinical 
Trials Committee of the Medical Research Council. It provides 


guidance in the use of penicillin in the treatment of wounds and 
in the laboratory control of treatment, and the provisional in- 
stnictions are based largely on reports made by Professor H W 
Florey a^ Brigadier H. Cairns as a result of a visit to North 
Africa. There are summaries of the properties of penicillin and 
of susceptible and msusceptible organisms, of methods of dis- 
pensing and of administration, and of the uses of penicillin in 
(a) surface wounds and bums, (6) soft tissue wounds, (c) eas 
gangrene, (d) compound fractures, (e) wounds of the chest, (f)h^d 
injunes, (g) wounds of the eye, (/i) wounds of the abdomen. Some 
of the possible reasons for disappointing results are given in 
“ Remarks on Failures of Technique.” “ Laboratory Procedures ” 
arc reviewed and there is a select bibliography on penicillin. 

The recommendations in the memorandum are not intended 
to have any finality but are an authoritative summary of con- 
clusions reached as a result of experience before the Allied invasion 
of France. 
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REPORT ON MEDICAL EDUCATION 
by the Planning Committee, Royal College of Physicians of London. 
Pubh'shed by the Royal CoUege of Physicians, Pall Mall East, 
London, S.W.l, 1944, 42 pages. Gratis 

Medical education in Britain has, with some exceptions, 
developed from a system of apprenticeship and of private m^ical 
schools attached to large hospitals and has been largely independent 
of the universities. Emphasis has been more on practical tr ainin g 
than on theory. This report is concerned specifically with reforms 
in the British system. The main conclusions are that the selection 
of medical students should be more discriminating and that the 
financial barrier to the study of medicine should be lowered. 
Changes in the curriculum are required. These are mainly in the 
direction of sacrifice of detail in the interest of. a greater under- 
standing of principles and the scientific method. In particular, 
it is recommended that far less time should be given in the pre- 
clinical period to topographical anatomy. There should be 
greater co-ordination between pre-clinical and clinical studies, 
which are at present sharply differentiated. Teachers of clinical 
medicine should receive sufficient remuneration and secretarial 
and technical assistance to enable them to devote full attention 
to their duties. 

It is recommended that a compulsory paid internship of one 
year should be added to the curriculum, and that there should be 
two final examinations instead of one. The first would confer a 
licence to practice under supervision in hospital, and the second, 
which would be taken at the end of the one-year term of residence 
at a hospital, would confer the right to practise independently. 

Although many of these recommendations will not be relevant 
to conditions in other countries, the report should be of interest 
to all who are concerned with medical education. 
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FOOD POISONING 


Its Nature, History and Causation; Measures for its Prevention and 

Control 

by E. B. Dewberry. London, Leonard Hill, 1943. 186 pages; 
44 illustrations. 15s. [£0.75] 


Although from time immemorial food has been recognized as a 
cause of disease, it is only comparatively recently that work on 
ptomaines and the discovery of pathogenic bacteria in food have 
shown that it has little or nothing to do with the illness except to 
act as a carrier. 

■Diis book gives a full account of bacterial food poisoning, con- 
tamination of food by metals, and poisonous plants, fungi, fish 
and shell-fish. Historical prefaces to parts I and III trace the 
development of our knowledge concerning food poisonirig, from 
the early investigations to the more important bacteriological 
discoveries and the most recent studies. Wide use has been made 
of public health reports and other important publications, and 
comprehensive lists of references are appended to each chapter for 
the use of those wishing to consult the original sources. 

Chapter headings: Part I: (i) introduction, (ii) historical, 
(iii) bacterial food poisoning, (iv) seasonal prevalence of bactenal 
food poisoning, (v) kinds of food that act as vehicles of infection, 
(vi) possible sources and modes of infection, (vii) prevention and 
control of bacterial food poisoning ; Part II : (viii) contamination 
of foods by poisonous metals, (ix) poisonous plants, edible and 
poisonous fungi, (x) poisonous fish and shell-fish, (xi) food alle^ , 
Part III, Botulism ; (xii) historical, (xiii) symptomatology, difler- 
ential diagnosis, (xiv) causation, bacteriology, (xv) spores oi 
Cl. botulinum, (xvi) toxin of Cl. botulinum, (xvii) kinds of food 
associated with outbreaks of botulism, (xviii) illustrative outbrM^ 
(xix) prevention and control. Two appendixes describe (i) fl 
contamination of foods contaminated by poisonous gases m war 
and (ii) steps to be taken by medical officers of health in 

cases of food poisoning. The half-tone illustrations me ude 

portraits of outstanding personalities in this branch ol puoiic 
health, and full author and subject indexes are provided. 
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GUIDE TO THE JOURNALS 


Annuls of Eugenics 
12 : May 1944 

An analysis of the blood-group composition of a population in Northern Ireland. 
(E. W. Hart) S9-101 

The experimental modification of dominance in Danforth*s short-tailed mutant 
mice. (R. A. Fisher & S. B. Holt) 102-120 
A demographic study of a psychopathic population. (E. Slater) 121-137 
SampUi^ moments of moments for a finite population. (J. O. Invin & M. G. 
Kendall) 138-142 

The numbers of publications written by biologists. (C. B. Williams) 143-146 


I : 13/5/44 

A national health service : report of the Council of the B.MA- to the representa- 
tive body. 643-648 

Replies by the Minister of Health to questions put to him by the representative 
committee. 648-652 

Head injuries invohnng air sinuses. (D. McKenzie) 652-654 
Use of crude pezneiUium filtrate for local treatment, (j, M. Alston) 654-656 
Auto!)'sed yeast in the treatment of nutritional macrocioic anamia. (G. R. 
Sippe) 656-658 

Famine cedema in prisoners of v.*ar. (D. S. Stevenson) 658-660 
Some impressions of slow starvation in China. (H. T. Laycock) 667-668 


ArchiTCS of Disease in Childhood 
19 : March 1944 

Erythroblastosis fcetalis. Q. R. Gilmour) 1-25 

A scheme for the prcixntion of cross irifection in children’s vsTirds. fN. At. 
Jacoby) 26-28 

Encephalo-meningids due to pneumococcus type 1. (M. J. Wilmers) 29-31 
Fumtlial spastic psTcsis with strabismus. (Ml P. Crowe) 32-32 
DoUdiocolon and Hirschsprung’s disease. (A. Moncriefl & T. V. Crichlow) 

34-36 


British Heart Journal 
6 : April 1944 

Paroxysmal heart blod: and ventricular standstill. S. LanTence & G. W. 
Forbes) 53-60 

Heart block with an«irysm of the aortic sinus. (P. F. Duras) 61-65 
Stokes-Adams attacks in a child. (V. S. Stem) 66-68 
Complete heart block. (M. Campbell) 69-92 
A rare case of complete heart blo^ (IC Saracoglu) 93-95 
The care of rheumatic children : Report by the (tarmac Society and British 
P«iiatric Association. p^l02 

Sodal and economic conditions and the incidence of rheumatic heart disease. 
(G. H. Daniel) 103-104 

Unusual electrocardiogram in dextrocardia. (J. Al. Holford) 105-106 
Auriculo-ventricular rhy thm . (R. A, Aliller) 107-1 13 


British Journal of Children’s Diseases 


1 : 20/5/44 

The course of the death rate from peptic ulcer in Great Britain, 1912-38. (H. 
Tidy) 677-682 

Treatment of gas gangrene. (J. D. AlacLcnnan & M. G. Aiacfarlane) 683-685 
Fracture of the carpal scaphoid. (J. AL Robertson & R. D. Willdns) 685-687 
Epidemic infective hepatitis in Gloucestershire. G* S. Cookson) 687-689 
Experiments on scabies prophylaxis. (K. AicUanby) 689-690 
Planning for basic research in ophthalmology. (C. G. K. Sharp) 697-698 


1 : 27/5/44 

With the Eighth Army in the field. (C. Donald) 709-7x4 

Sensitivity to liver extract. G* G. AlcSorley & L. S. P. Davidson) 714-716 

E^crimental traumatic shodL G. Chamlcy) 716-718 

Dicoumartn in the treatment of puerperal thrombosis. (A. Davis & M. Porter) 

mcotinic acid on post-operative vomiting. (W. W. Alushin & H. AI. 
Wood) 719-720 

1 : 3/6/44 

Some problems of infective hepatitis. (L. J. Witts) 739-743 
With ^e Eighth Army in the field. — II. (C. Donald) 743-747 
Some dangers of sulphonamides in ear infections. (A. R. Dmgley) 747-748 
Bone-marrow transfusion in infants and children : introducing a specially 
designed needle. G» D. Gimson) 748-749 
** Cellophane *’ for the treatment of bums. (J. Farr) 749-75^ 

Symptomless enlargement of the oesophagus. G» L- D’Silva) 75&-751 
Resear^ and general practice : the end-results of treatment. (C E. S. 
IHemming) 759-760 


41 : April-June 1944 

Ale n i n g i tis in cluldrcn refractory to sulphonamides, (R. Gross-Heisler & 
E, Davis) 31-34 

Pathogenesis and clinical symptoms of tuberculous meningitis. (S. Engel) 


British Journal of Dennatologj* and Syphilis 
56 : March-April 1944 

The role of the sulphonamides in dermatology. (R. StA. Heathcote) 59-68 
Simo n a m ides m dermatology. (D, At. PiUsbury) 68-80 
Seborrhoeic skin options- G. A. Scott) 80-91 

A method of testing absorption from various ointment bases. G« 92-94 


British Journal of Industrial Medicine 
1 : April 1944 

^e traiimig of the industrial nurse. (A, J, Amor & C. Sykes) 81-89 

of dressing stations and control of wound infcctioru (W. Gissancy 
A. A. Miles & R. E, O. Williams) 90-98 

Ri«^d treatment of bums and scalds. (L. Colcbrook, T. Gibson & J. P. 
Todd) 99-105 

Bums of the hand. (P.H. Jayes) X06-109 

cT^vention and control of cutting-oil dermatitis. (E, Collier) xio-113 

{[^.aspects of nutrition. Q. R- Aianack) 1x4-122 

Medical service in industry in the U.S.S jL (A. Letavet) 123-124 


British Journal of Ophlhalmolo©’ 

28 : June 1944 

Deportment in a Aliddle East general hospitaL (H. B. Stallard 

A simple twAod for the early diagnosis of abnormalities of the pupillary re 
action. (H, J. Stem) 275-276 

Agmulauon Pimour of the conjunctiva. G. D. J. Freeman) 277-278 
of retmoblastoma. (A. D. Griffith & A. Sorsby) 279-293 
An^capsu^ted orbital melanoma. G* Foster) 293-296 

a^noa-magnetic foreign body from the vitreous. (V, O’Hca 


1 ; 10/6/44 

Analysis of shock. (V. H. Moon) 773-779 . ^ 

Meningitis due to Pittman and non-Pittmaa strains of rf. injiuenza. G. 

Gordon, H. E. de C. Woodcock & K. Zionemann) 779-781 
Sulphonamide allergy. (R. G. Park) 781-782 

Treatment of pulp infectioa of the fingers in the field. (T. Denness) 782-783 
Early operatioQ for Volkmann’s iscbamic contracture. (G. A. Pollock) 783 


1 : 17/6/44 

Control of scabies by me of soap impregnated with tetra-cthylthiur^ mono- 
sulphide (“Tetmosol ”). (R. Al. Cxordon, T. H. Davey, K. Unsworth, 
F. F. Hellier, S. G Parry & J. R. B. Alexander) 803-806 
The carrier sute in Sonne dj’senter^'. (J. G. Hailwood) 806-807 
An analj'sis of Colles’s fracture. (S. C. Rogers) 807-809 , 

An outbreak of puerperal sepsis due to a single Ope of bsemootic streptococcus: 

its investigation and remedy. (M. Kenny & M. Barber) 809-81 x 
Narco-analysis with nitrous oxide. (C. H. Rogerson) 8x1-812 
Aledicine in free China. (W, Penfield) 821-822 


1 : 24/6/44 

An experimental study of methods of artificial respiration. (A. Hemingway 

The improved ^denrition of 5-year-old London school-children; a comparison 
between Ip43 and 1929. (M. MclJanby & H. Coumoulo^ 837-840 _ 

Poliomyelitis in British and American troops in the Middle the wolauon 

of vims from human freces. G» R- Paiil> W, B. Havens & C. E. van Roo>*en) 
841-843 

Sympathectomy and stcrilit>’* (N. _C. Lake) 843 
March hxmoglobinuria. (^L Alakin) 844 


2: 1/7/44 

Penicillin in battle casualties. Q. S. Jeffrey & S. Thomson) 1-4 t> ....it 

Early diagnosis of peripheral nerve injunes in battle casuaJues (W . K- Kusseii 

: report of a case presenting hitherto unreported 

f^er^ Grrat Britain. (A. P. A^ew & 

Tetanus after bead injury m an immunized subject, (w. Lewmj ii 12 


BriHsh Jounial of Radiology 
17 ; June 1944 

The ^^osis and ttcatment of lung abscess. Sjmposium. (T- TI. Sellers, 
I - G . Blair & I_ E. Houehtonl 

— Integral dosewhen the whole body is inadiated. 

A J- ^ aarkson) 177-182 

182-184 'deer on the greater curvature of the stomach. (A. Preiss) 

9^°£}l>e Up. (S. J. Douglas) 185-189 
aetro^cal method of dose-finding for radium sources : with special reference 
190^96”^^^^ carcinoma ccrvhc uteri. (B. Sandler & E. M. Ungar) 

British Journal of Venereal Diseases 

„ , 20 : June 1944 

“ Eonorrhtra. (W. K. Fitch) 49-55 

with occurring in the treatment of lymphogranuloma venereum 

2tnmal serums. (F. Sagher) 55-60 
Pre^ti^ “f congenital syphiUs— i. (N. I. Wattle) 6r-6s 
IhJSJtTtt/ syphilis— 2. CD. Nabarro) 65-69 

snttsyphiUtic treatment. (D. Etskine) 

I r Laughlen reaction for sjphiUs with the Wassennann and 

coum teacuons. (G R. Lane) 78-8 1 

British Medical Journal 

The ^ 

Wrie^^^^ dmt-bome streptococcal infection in measles svards. U- 
A neS?, K & W. Gunn) 6lt-6l4 

CF o for ^e application of dust-laying oils to hospital bcd-clothcs. 

OiW & C. W. Edwards) 615-616 

And,G ” 1 respiratory infection : an army experiment. (P. H. R- 

& J. J. MacPartland) 6l6^n 

617-6^^*^^^^*°“ basal metabolism on out-patients. (J. D. Robertson) 
a. M. Holmes) 620 

ctavecuon from smallpox hospitals. (G K. .MUlard) 62S-629 


Edinburgh Medical Journal 
51 : March 1944 

Cancer and chronic disease. (J. Eason) ri3— 123 fn nevi-eatl 

Aeration of fiuid culture media : supplementary obserrations. (R. Dcvtgnat) 

A paUiologist looks at ischaemia. (W. Blackwood) 13 t-i43 Robertso”) 

The Court of Contributois. Royal Infirmary of Edinburgh. (D. Robertso..) 

Thi^tOTO-mastoid sign. CA. W. Branwood) 152-156 

51 : April 1944 

Intersigmoid hernia: report of case and review of the Uterature. (H. D. 
hSIi^^c'r^'fn geograp^j^ pert^ve: a Libyan exercise in su.-pical 

of cholecystitis and chcleUthiaiii. 

A4Ve^s-c&z?/lSS”'in'SSood: report of a case. CU F. W. EickhciT, 
201-204 

Journal of Endocrinology 
3 : May 1944 

On staining the {hLG^sTM 

to the abnonnzi basophil cells c. Cushf^.? s sj . 

The piMlaiy basophilism syr.d.-ome cf H.-rvey Cushing. O’. G. B. .5. 

Ca^iISlS of a.a .dtcn«^r-i^ W 'sroS''V-'ir^f 

(N G. B. McLctchje & L. D. w. Scon; 3-. -^5 ii— tj.’ 

Disrothii^ cf water balanim in the nil cr. remme! — - 

(L. Stein & E. Wertheirstf) 35^.'^ , K-r-.w cf re- 

The nature cf the N. ^ J- B- 

with excessive doses ofcestrsdicl bcn-ca.e. in. . - x-. , 

Saunders) 370-383 , . . . . - fl. W. 

The production of ovulxncn t— 


refrrrrce 

cLetchit? 

zLtr.chxT' 

dr Cf.v" 
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Additional studies of the extrathiToidal metabolism of iodine. (A. Chapman, 
G. M. Higgins & F. C. Mann) 392-396 

Ateleiotic dwarfism with normal sexual function : a result of hypopituitarism. 
(T, F. Hewer) 397-400 

Observations on the oestrogenic potency of stilbocstrol in the guinea-pig. (P. 
Bacsich & G. M. Wybum) 401-405 


Journal of Obstetrics & Gyntccology 
51 : June 1944 

The effect of posterior lobe pituitary gland fractions on the intact human uterus. 
(C. Moir) 181-197 

The ancemias of pregnancy ; a report on the haimatologica! study of 48 cases 
of pregnancy with a review of the literature. (G. A. Elliott) 198-224 
A human ovum nine to ten days old. (F. Davies & H. E. Harding) 225-230 
Leukaimia and pregnancy. (A. Hochman) 231-239 

A consideration of the White Paper “ A National Health Service ” in so far as 
it affects maternity and child welfare services. (D. Baird) 240-246 
Oxytocic drugs and their use. (C. Aloir) 247-256 


Journal of Pathologj’ and Bacteriologj’ 

56 : April 1944 

The pinealoma : its relationship to teratoma. (D. S. Russell) 145-150 

The sources of blood platelets and their adhesiveness in experimental thrombo- 
cjtosis. (H. P. Wright) 151-159 

Spontaneous folliculosis of the conjunctiva in grivet and vervet monkeys 
{Lasiopysa griseoviridis syn. Cercopi'thccus atitiops and L. pygerythra syn. 
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This number deals principally with peripheral vascular disorders which have proved to be of special importance in wartime Profe 
J. R. Learmonth, who contributes the introductory article, has occupied the Chair of Surgery in the University of Edhibureh lT 
September 1939. He was previously Regius Professor of Surgery in the University of Aberdeen. He has charge of a Nerve IniuZ 
Unit and Peripheral Vascular Unit in an Emergency Medical Service hospital under the Department of Health for Scotland whZ 
many patients suffering from peripheral vascular disorders have been concentrated during the war. ' 

Dr. William Blackwood has been Pathologist to the Scottish Mental Hospitals Laboratory, the Royal Infirmary Edinburgh and 
Honorary Lecturer in Neuropathology in the University of Edinburgh since 1939. Work on immersion foot arose out of these con 
tacts, and from a meeting with Surgeon Commander C. C. Ungley, after he had sent a portion of nerve for biopsy to Dr Blackwnnd\ 
predecessor, Squadron-Leader A. C. P. Campbell. ' 

Dr. R. L. Richards, a graduate of Aberdeen University, has since the summer o/ 1940 been assistant at a Scottish Nerve Injuries 
Unit in an Emergency Hospital under the Department of Health for Scotland. He has been making a special study of the vasomotor 
disorders which result from injuries of peripheral nerves. Work on immersion foot has been carried out in collaboration with 
Surgeon Commander C. C. Ungley at a naval hospital in Scotland and at the Nerve Injuries Unit directed by Professor Learmonth. 

Mr. B. C. Maybury is Surgeon to St. Thomas's Hospital, London, where he was earlier a pupil of Sir George Makins and Sir 
Cuthbert Wallace-two pioneers of military surgery. Mr. Maybury was for nearly three years during the war o/ 1 914-18 ow^/cal 
specialist at a Casualty Clearing Station, and also spent a short time at a Base Hospital. He has had considerable personal 
experience of arterial injuries and has long had a special interest in this subject. 

Mr. S. M. Cohen is a South African surgeon who joined the British Emergency Medical Service at the outbreak of war, and has 
thus gained experience of the treatment of war casualties. He has made a special study of traumatic arterial spasm, and chose this 
as the subject for his lecture on election in 1942 as Hunterian Professor of the Royal College of Surgeons of England. 

Professor Learmonth, Mr . Cohen, and Mr . Maybury* are members of a Subcommittee on Vascular Injuries which was constituted 
early in 1944 by the War Wounds Committee of the Medical Research Council. 

In the planning of this number of the Bulletin Professor Learmonth has given much personal advice and assistance. In addition, 
he and his Edinburgh colleagues. Dr. Blackwood and Dr. Richards, have contributed many of the reviews of selected papers. 
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PERIPHERAL VASCULAR DISORDERS 

J. R. LEARMONTH, Ch.M., F.R.CS.Ed. 


The pathological conditions dealt with in this issue of the 
Bulletin have this in common, that in all the possibility of 
ischaemia is present. This may arise without any breach of 
the arterial tree by external forces ; on the other hand, when 
an artery is wounded, in addition to the complete or partial 
interruption of the conduit supplying blood to a part, there 
will be haemorrhage, internal, extemail, or both, and thus 
any tendency to ischaemia as a result of the loss of one (or 
more) of the transmitting channels may be accentuated by a 
reduction in the total volume of the circulating blood. These 
considerations suggest the following clinical classification of 
the affections which may produce ischaemia : 


A. Resulting from Injury 

1. Contusions of arteries : (a) with thrombosis 

\b) without thrombosis 

2. Arterial spasm : (a) after open injuries (neighbourhood 

gunshot wounds) 

(6) after closed injuries (fractures, crush 
injuries) 

3. Wounds of arteries : (a) complete 

(6) partial 

4. Arterial haematomata or “ false ” aneurysms 

5. Arteriovenous fistulae 

6. Traumatic arteritis 

7. Traumatic venous thrombosis (or venous spasm) 

8. After division of peripheral nerves 


B. Occurring in Organic Vascular Disease 

1. Syphilitic arteritis 

2. Arteriosclerosis 

3. Diabetic arteritis 

4. Thrombo-angiitis obliterans 


C. From Local Effects of Cold 

1. The Raynaud phenomenon, 
changes 

2. Immersion foot 

3. Frostbite 


with or without nutritional 


Some of these conditions are dealt with in detail in indi- 
vidual articles elsewhere in this issue ; but it cannot be too 
strongly emphasised that the rational treatment of all of them 
depends on attention to two fundamental principles: the 
control of hajmorrhage when present, and the mamtenance of 
tissue nutrition. 


Control of Hsemorrhage 

In war surgery the control of bleeding is a problem ot far 
reater magnitude and urgency than in civil surges; yet it 
; a curious reflection that in spite of the wealth of matenal, 
inly one major improvement in this techmeal matter has 
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emerged directly from military experience — the reintroduc- 
tion of the ligature by Pare about the middle of the 16th 
century. In the first two centuries of the Christian era, 
both Cclsus and Galen employed the ligature. The former 
divided the bleeding vessel between h’gatures placed on each 
side of the vascular wound ; the latter raised the artery on a 
hook, and, in his own words, “ it is safer for the operator 
to put a double loop round it and to divide between, and 
let these ligatures be of a material which will not readily de- 
compose. Such a material . . . can be got from the 
Gaietans, who bring it from the country of the Kelts” 
[7 linen]. Galen also suggested catgut : “ If you cannot get 
this ” [linen], “ choose the material least liable to decompose 
. . . such as fine catgut.” In medieval times the cautery 
and boiling oil were preferred to the h'gature, until in 1552 
Pare reintroduced it, after catching the bleeding parts in a 
crude forceps. Thereafter the ligature kept its place in 
operative surgery, although suppuration and consequent 
secondary haemorrhage compromised its efficacy, and its use 
was firmly established by John Hunter in 1785, in the treat- 
ment of popliteal aneurysm. 

It was natural to seek for an absorbable ligature, which 
would not promote suppuration by acting as a foreign body. 
In 1814 Physick used untanned buckskin; in 1818 Astley 
Cooper employed catgut. Crude catgut, as was to be learnt 
later, contains bacteria ; and after numerous surgeons had 
tried many different kinds of thread. Lister in 1868 returned 
to catgut, which he sterilised with carbolic acid. In 1881, 
he produced catgut hardened by chromic acid to resist absorp- 
tion for some time, a method of preparation to which Macewen 
also contributed. Sterilised and hardened catgut has re- 
mained the most widely used absorbable ligature. With the 
advent of modem aseptic operative technique, and the practice 
of sterilising other forms of thread by boiling, many surgiral 
schools have returned to the unabsorbable ligature of sdk, 
linen or cotton, particularly in aseptic cases. 

The general use of the ligature brought with it the need for 
some method of isolating and temporarily occluding bleeding 
vessels, and the crade pincers of Pare paved the way lor 
artery forceps, originally designed by Spencer Wells in 18 , 
and subsequently modified in ways too numerous to mention, 
according to the purposes to which it was to be put and e 
preferences of individual surgeons. So, too, the tournique 
has been modified to meet the needs and gentler methods _oi 
modem surgery, although for “ first-aid ” it pereiste in i 
primitive form— introduced by Morel in 1674— of a l^and 
cloth tightened by turning a stick. However 
tourniquet may be in an emergency, it is to be regarded as 
purely temporary substitute for more exact methods. 


The local repair of wounds of blood vessels was evolved 
from the experimental work of Carrel & Guthrie, 1905, from 
which emerged techniques for the closure of wounds of vessels, 
and later for the restoration of vascular continuity by axial 
anastomosis. These methods also opened up the possibility 
of conservative treatment of arteriovenous fistulae. Their 
applicability in war surgery is limited because they are avail- 
able only in favourable conditions including both absence of 
infection from the wound and proper operative facilities. 

Maintenance of Tissue Nutrition 

In contrast with the lack of any revolutionary advance in 
technical methods of controlling bleeding, much more pro- 
gress has been made in solving the diverse problems of main- 
tenance of tissue nutrition : these advances may be considered 
in turn. 

i. Restoration of blood volume: Inadequate circulation 
resulting from gross reduction in the volume of circulating 
blood has been dealt with by the perfection of techniques for 
infusing blood or blood-products. 

In Britain the scientific investigation of the possibilities of 
transfusion dates from the work of the great architect Sir 
Christopher Wren in 1657, and soon engaged the attention 
of the newly formed (1661) Royal Society. For two and a 
half centuries sporadic attempts were made to utilise clinically 
a procedure at once attractive and somewhat dramatic ; but 
technical difficulties, and the violent and sometimes fatal 
reactions which followed the transfusion of either animal or 
human blood, set a limit to its justifiable use until the beginning 
of the 20th century, when the explanation of at least some of 
the reactions after transfusion evolved from the discovery of 
isoagglutination, and the subsequent reduction of human 
blood into groups (Landsteiner, 1900, 1901 ; Jansky, 1907 ; 
Moss, 1910) which provided a basis for the choice of a com- 
patible donor. For some time thereafter, direct transfusion, 
or transfusion from a vessel coated with paraffin wax (Kimpton 
& Brown, 1913) were used ; but these methods, the former 
inaccurate, the latter involved, were soon displaced by the 
discovery (Agote, 1915; Lewisohn, 1915) that sodium citrate 
was an effective and non-toxic anti-coagulant, and on Novem- 
ber 14th, 1914, the first transfusion by this method — so soon 
to be of cardinal therapeutic importance in the war of 1914- 
1918 — ^was performed by Agote of Buenos Aires. In the 
years after the war, transfusion of blood rapidly extended its 
proven value, and ultimately supplies of donors were organised 
throughout Britain on a voluntary basis. About 1936 
American workers found that it was possible to store citrated 
blood in blood-banks ; and when in 1938 it became clear 
that large amounts of blood might be needed for casualties, 
the Medical Research Council undertook the establishment 
of blood supply depots around London, and has since sup- 
ported and co-ordinated clinical and research work on trans- 
fusion in Britain. In Scotland the Department of Health 
sponsored the foundation of the Scottish National Blood 
Transfusion Association to co-ordinate and extend trans- 
fusion work in Scotland ; in England the Mim'stry of Health, 
by direct action, organised transfusion services throughout 
the provinces. A similar “ bank ” was also set up by the 
Army Transfusion Service. 

The discovery that plasma could be used to restore blood 
volume was not long delayed ; the value of blood-banks was 
greatly enhanced, for plasma keeps much longer than stored 
blood, from which it can be recovered ; and it may be given 
without previous tests for compatibility. Serum was found 
to have similar properties. Finally the problems of storage 
and ultimately transportation were greatly simplified by the 
elaboration of techniques for drying plasma and serum, 
founded on the work ofFlosdorf & Mudd (1935) in America 
and the e.\tension of this by Greaves & Adair (1936) in 
Britain ; when needed, they were reconstituted on the spot 
by the addition of sterile distilled water or physiological saline. 
Liquid plasma and serum are unstable and tend to precipitate 
slowly during storage ; dried plasma is stable but in%’olves 
the transport of two bottles instead of one. Hence attempts 
have been made to produce a stable concentrated solution, 
of which the most successful is that of Cohn and his associates 
in Amcriej. This involves the alcohol fractionation of 
plasma proteins and the use for transfusion of the albumin 
only, in the form of a 30 % solution (\’arious globulin fractions 
being iBcd for other purposes). Attempts to dispense com- 
pletely with the human donor hase led to trial of other pro- 
teins in solution — borine plasma albumin (as such or after 


treatment to remove species specificity), gelatin, isinglass, etc. 
The consensus of opinion at present favours human plasma 
proteins, and in Britain difficulties of supply rule out the 
large-scale preparation of albumin. 

All these advances in procedure have been highly developed 
in Britain, and so well have transfusion services been orgam'sed 
that they are available to the wounded— whether in battle 
or in civil air raid — during the earliest phases of treatment ; 
a magnificent achievement which not only reduces immediate 
mortality but also brings the possibility of operative surgery 
to a high proportion of wounded. 

ii. Restoration of flow through the injured artery : AJler 
wounds of major vessels, the ideal is to restore the flow of 
blood through its previous charmels, or at least to keep up 
the flow temporarily until an adequate collateral circulation 
is established. The latter procedure has been attempted by 
the substitution of various types of catmulae (Tuffier, 1915 ; 
Blakemore, Lord & Stefko, 1942) for the normal conduit, 
and has the theoretical advantage of availability at an early 
stage of treatment. The former involves the suture of 
arterial wounds, the anastomosis of severed arteries, and the 
closure of fistulas between arteries and veins, techniques 
which demand a much more elaborate operative setting and 
therefore deferment to a later stage of treatment. In the 
past, results of both types of procedure have been vitiated 
by the occurrence of thrombosis within cannuls or at suture 
lines ; but within recent years the discovery of anti-coagulant 
substances (heparin — Howell, 1916 ; Charles & Scott, 1933 : 
dicoumarin — Campbell & Link, 1941 ; Butt, Allen & 
Bollman, 1941) has provided means by which, under adequate 
laboratory control, this complication may be prevented or 
minimised. Many such conditions (traumatic aneurysms, 
fistula) are best dealt with after an interval, and vascular 
centres have been set up, both in the battle areas and in 
Britain, where they can be dealt with under the most ad- 
vantageous conditions. 

iii. Surgery of the sympathetic : The development of the 
surgery of the sympathetic system has provided a method of 
modifying the circulation in an extremity. From a surgical 
point of view, the story begins with Claude Bernard who, in 
1852, described the raised cutaneous temperature and increased 
fullness of subcutaneous vessels in the ear of the rabbit, after 
section of the ipsilateral cervical sympathetic trunk ; then 
Brown-Sequard showed that stimulation of the trunk was 
followed by vasoconstriction. In the latter half of the 19thand 
the begirming of the 20th century the work of Gaskell, Langley 
and their school solved many problems in the anatomy and 
physiology of the sympathetic system, and by 1921 the work 
of Langley, Elliot and Cannon on sympathetic mechanisms, 
and Dixon, Loewi and Dale on parasympathetic mechanisms, 
had identified the humoral substances concerned in the 
mediation of nervous impulses traversing these systems. 

In 1913 Leriche utilised as a therapeutic measure the tem- 
porary vasodilatation which follows the removal of the 
adventitial coat of the main artery of an extremity ; but it 
was not until 1924 that Hunter and Royle noted the increased 
warmth which followed sympathetic ramisectomy in matt 
Since that date the operative technique of sympathectomy 
designed to modify circulation has been modified and rcrised 
many times. In Britain fundamental work of this kind has 
been done by Gask, Telford and Ross, while in the United 
States Adson and J. C. White have made notable contribu- 
tions. \Vhite has also standardised methods of blocking 
the paravertebral sympathetic chains by the injection of 
procaine and alcohol. On the clinical experimental side, the 
papers of Sir Thomas Lewis and his school have thrown much 
light on vasomotor conditions, and have supplied not only 
a wealth of observations but also simple methods of studjing 
such cases at the bedside and in the laboratory. The “ war- 
baby ” of this group, immersion foot, has found admirable 
British expositors in Ungley, Blackwood and Critchley. 

It seems clear, from the work of Theis (1933) that, in the 
experimental animal, division of the appropriate sympathetic 
neives will increase the total input of blood into a limb. Both 
in animals and in man, most of the increased flow traverses 
the subcutaneous vessels, muscle-tissue profiting less ; but 
experience at vascular centres, both in Britain and abroad, 
supports the view that when ficauon of a main ane.'y in an 
extremity is inevitable, the risk of massive gangrene can be 
reduced by a preliminary sv-mpathectomy. which allows a 
proportion of alternative vascular channels to d.date v.-.th- 
out the impediment of constrictor tonus imposed by them 
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extrinsic nerves. It is also possible that, until the casualty 
reaches suitable operative facilities, the same advantage may 
accrue, although temporarily, from paravertebral blocking by 
local anaesthetics of the appropriate sympathetic trunks. 

iv. Reduction of local metabolic rate : It is a physiological 
commonplace that the direct application of heat to a part 
increases its metabolism, and therefore its demand for blood. 
When the part is ischaemic, a proportion of its impoverished 
blood supply is diverted by local heating to provide for in- 
creased local metabolism, and the total input of blood may 
ultimately be inadequate to maintain merely the vitality of 
the tissues, with the result that they die, and more or less ex- 
tensive portions become gangrenous. Largely as a result of 
the teaching of Sir Thomas Lewis, the practice of heating 
locally parts threatened by gangrene has been abandoned ; 
thus the ischasmic limb of the arteriosclerotic or diabetic 
patient is to-day not deprived of its chances of recovery by 
the application of hot water bottles or the heat cage. Indeed 
the modem trend is actively to cool an ischaemic extremity, 
as tissue metabolism may be reduced by the local application 
of cold, and at a lower level of tissue metabolism there is a 
corresponding reduction in the threshold blood supply 
required to maintain vitality. The therapeutic application 
of cold in the treatment of threatened gangrene has been 
studied by Allen (1941 and later), who showed experimentally 
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that when an extremity was excluded from the general circula- 
tion by a tourniquet, the period over which tissue remained 
viable was extended by cooling the limb to a temperature of 
about 5° C. Moreover, this lowered temperature also put 
an effective brake upon the multiplication and invasiveness of 
bacteria. These two effects of chilling have an obvious ap- 
plication in war wounds, especially in cases in which arterial 
injuries leading to a reduction in the circulation of a limb may 
be disastrous as a result of the rapid spread of anaerobic and 
aerobic infections ; and the principle has been put to material 
use in the present conflict. 

v. Prevention and management of lesions due to cold: 
Nutritional lesions following prolonged exposure to cold 
(immersion foot) or severe cold (frostbite) may, in many 
instances, be prevented by suitable precautions on the part of 
those undergoing such risks, and much successful work has 
been done in improving conditions at sea, on land and in 
aircraft. When exposure is inevitable, every precaution has 
been taken, by the education of personnel,* to minimise its 
consequences. Moreover, as a result of experimental work 
and the collection and scrutiny of clirucal records, the treat- 
ment of resulting lesions has been established on the broad 
biological principles indicated above ; and there has emerged 
a balanced conservatism which has been saving of both life 
and limb. 
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INJURY FROM EXPOSURE TO LOW TEMPERATURE : PATHOLOGY 

W. BLACKWOOD, M.B., Ch.B., F.R.C.S.Ed. 


Vhen parts of the body are exposed to temperatures in- 
reasingly below that of their customary environment, they 
ecome “ chilled.” A tissue is said to be “ chilled ” when 
; has been damaged by exposure to a low temperature of 

degree insufficient to cause frostbite. At first, normal 
physiological mechanisms are able to compensate for the 
cooling, but as the environmental temperature falls, and 
especially if loss of heat from the exposed part is accelerated 
by immersion in cold water or contact with cold metal, a 
level is reached when tissue damage occurs from which re- 
covery is possible. Still lower levels of cold cause irrecover- 
able tissue changes. These temperature levels probably vary 
for the individual tissues of the part. Lewis (1942) has shown 
that recoverable damage may involve skin and subcutaneous 
tissues at a temperature from 18° to 15° C., and that irre- 
coverable damage by freezing occixrs between — 5° C. and 
— 10° C. The fact that they do not become frozen at their 
true freezing point (about — 2° C.) is due to the ability of the 
skin to supercool. 

The sequel to tissue damage is an inflammatory reaction or 
necrosis. The onset and rate -of the inflammatory process 
depends upon the blood flow through the tissue ; it proceeds 
slowly while the tissue is still chilled, and is accelerated by 
warming. It is thought that inflammatory oedema causes 
circulatory obstruction, and so additional tissue damage. 
Repair follows in parts less seriously damaged ; dead tissues 
form sloughs. 

Various degrees of chilling and differing environmental 
features give rise to different clinical manifestations with 
distinct clinical and histological features. 


Immersion Foot 

This is a condition in which the limbs are exposed for 
periods of about 22 hours or longer to moist conditions or 
to immersion in sea water, at temperatures from 10 C. to 
— 1 - 9° C (Ungley & Blackwood, 1942). Damage of vary- 
ing degree'is caused to all the tissues of the liinb. _ The damage 
to the skin is the most obvious, and results m bhsters or 
gangrene. The damage to nerves, muscles and blood VMsek 
fs "efs obvious, but it is the cause of the prolonged disability 


from which the patients may suffer. The nerves show ex- 
tensive demyelination of a degree and to a level depending 
upon the severity and extent of the exposure (Blackwood, 
1944). All fibres are affected, especially the smaller myelin- 
ated and unmyelinated fibres. After rescue of the patient the 
nerves regenerate slowly, but perhaps incompletely. Incom- 
plete regeneration is often associated with pain. This may 
be due to fibrosis of the superficial nerves (White, 1944), or to 
the transmission by incompletely regenerated nerves of im- 
pulses which cannot be normally synthetized and which are 
interpreted as pain. 

In experimental am’mals the muscles show partial hyaline 
necrosis (Blackwood & Russell, 1943), followed by partial 
regeneration, and also by secondary degenerative changes due 
to denervation. Fibrosis of muscle is not a noticeable 
feature. The blood-vessels, which have been in spasm during 
exposure, dilate when the patient is warmed. In the experi- 
mental animal, they may show intimal swelling and damage to 
the media (Smith, Ritchie & Dawson, 1915) in the acute stage, 
but in man little evidence of this is to be seen in the later 
stages. Intravascular thrombosis is found only in veins 
and only near regions of necrosis or chronic infection. There 
is often a disturbance of the neuro-vascular mechanism, 
resulting in a state of cold-sensitivity, the pathological basis 
of which has not been demonstrated. Bones often show 
initial osteoporosis, followed by recalcification. 

Frostbite 

This condition may occur when portions of the body are 
exposed to temperatures below about — 5° C. Superficial 
tissues are rapidly chilled and there is crystallization of tissue 
fluids, rupture of cell walls, and death of tissue from the direct 
effect of the cold. When the exposure is of short duration, 
only the skin and superficial tissues are killed ; the deeper 
tissues remain intact because there has not been time for their 
cells to be much chilled. After longer exposures more tissue is 
irretrievably damaged. Stasis of blood occurs in the vessels, 
but thrombosis is not a feature of the exposure period 

(Greene, 1943). • 

Later an inflammatory response appears, with bbstermg, 
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PHOTOGRAPHS ILLUSTRATING THE PATHOLOGY OF IMMERSION FOOT 

A. Human material 



Fig. I— Dorsum of foot so da>'s after exposure for 
8 da>-s on a Scottish hillside in cold and wet weather. 
On examination 6 da>-s after the exposure, the h\*per- 
temic stape of immersion foot was present. Both 
feet were similarly affected, with commencing gan- 
grene in the toes. The great toe shown in this picture 
was subsequently amputated. 



Fig. II — Lower extremities seen 4 mo.iths after a lo-day 
exposure in an open boat in the North Atlantic in Novem- 
ber. The gangrenous feet had already been amputated 
when this photograph was taken. The wounds did not 
heal and there was severe pain. The legs were amputated 
below the knee. 



Fig. Ill — Foot amputated 26 months after exposure for 10 da>*s in 
an open boat. Before amputation the toes were missing and the sUn 
was severely ulcerated, especially in the region of the os calcis, which 
n-as exposed. Same case as Figs. VlII and IX. 



Fig. IV — Longitudinal section ( 90 : haana- 

tox>'lin and cosin) of extensor digiiorum brevis 
muscle showing extensive mus^ar degenera- 
tion (Zenker’s h>*aline degeneration). Spramcn 
from a man, exposed in an open boat for 34 
hours in cold wet weather, who died half an 
hour before rescue. As judged from the con- 
dition of two survivors, he would have shown a 
moderate grade of immersion foot. 



Fig. V — Longitudinal section ( 225 : myehn 

stain) of intcrdigitaJ nerve of toe, removed 10 
weeks after exposure in an open boat for 2i 
da>*s. From a moderately severe case of im- 
mersion foot without gangrene. There has 
been severe degeneration, for only one normal 
myehn sheath (A) is seen. Globules of de- 
generate myelin are seen (B) and proliferated 
Schwann cells (C), There were sensory and 
motor changes in the lower limbs. 



Fig. VI — Longitudinal s«?ion ( • 225 : 
myelin stain'* of tibial nerv’e in low er third of 
leg, 10 months after exposure for 5 datx m an 
open boat in seve.'-e weather. I'hc patient 
suffered from a severe grade of immersion foot, 
and continued pain necessitated amputation ot 
both legs. The section shows thick fibres (A) 
which escaped destruction and then regenerat- 
ing fibres fB). 



Fig, VII — Lo.igitudinal section (\ 265; axis 
cylinder stain) of thenar muscle of right hand 
12 months after exposure in the sea for | an 
hour and in an open boat for 22* hours in sts'cre 
weather. Severe case without gangrene. The 
nen’es are now returning to the muscle fibres 
which ^escaped destruction. A regenerating 
axon has grown out from its old neurilemma (A) 
and formed a nerve network (B) between the 
muscle fibres. 



Fig. VIII — Transverse section ( ', 9 o: hauna- 
toxv'lin and cosin) of flexor halluas longus ct 
the foot shown in Fig- III. Muscle damage is 
unevenly distributed, as showm by the \'artation 
in calibre muscle fibres. 



Fig. IX — Transverse section (• 10: rr.>e.in 
Siam) cf tibial nerve 6 cm. abese extremity o. 
lateral mallcclus. Sam.e case as Fir^- Ul af-d 


Vltl. The relative pallor 


the nerve bundles 


indicates marked dem.ivlir.isatio" pers.J'u’ 
after 26 months. 


IKci. l-IX trrrr fin: r MiMrJ i-. the r-,*rr i'-: B.'IB 401 =' 
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PHOTOGRAPHS ILLUSTRATING THE PATHOLOGY OF IMMERSION FOOT 

B. Animal experiments 


The niiisl rat ions ore all of tissues from rats' tails which haJ 
been immersed for 96 hours in arlijicial sea-water at 4’- 5^ C. 



Pig. X — I.ongitudinal section ( . ^50 : myelin 
stain) from rat killed immediately after exposure. 
The nerve on the left shows slight irregularity of 
contour. The muscle fibre on the right shows 
hyaline necrosis. 



Pig. XI — Longitudinal section (.. 350: myelin stain) taken 
from rat killed 3 days after exposure. The nerve fibres are 
degenerating, and many muscle fibres arc degenerate. 



Pig. XII. Longitudinal section (:: 350 : ha:matoxylin 
and eosin) taken from rat killed 3 days after exposure. 
Marked cellular reaction in the damaged muscle fibres. 



Fig, XIII — Longitudinal section ( . 350 : myelin 
stain) from rat killed 30 days after exposure. In- 
creased cellulariiy of a muscle ner\’e, only one mye- 
linated fibre remaining in the leash, which runs 
obliquely across the top of the picture. Shrunken 
muscle fibres arc seen below, often with only a narrow 
strand of surA’iving myoplasm. 




Fig XV— Transverse section ( Rs = hiemaioxylin 
and cosin) taken from rat killed fio days after exposure. 
Changes arc still present in muscle and nerve tissue. 


[/•Vet X-XV Tverc first rublished in the paper reviewed in BMD 398 and arc repro- 
duced by pernnssian of the author and af the editor of the Edinburgh Medteal Journal.] 
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sloughing of dead skin or deeper tissues, and subsequent 
re-epithelialisation. Thrombi are now found in the arteries 
and veins of the skin and subcutaneous tissues, both in the 
necrotic regions and in those adjacent (Lewis, 1941). Obli- 
terative endarteritis is reported to occur proximal to the 
necrotic area (Ducuing, d’Harcourt, Folch & Bofill, 1940, 
quoted by Bigelow, 1942). In frostbite, as in immersion foot, 
a state of vasoneuropathy and cold-sensitivity may develop 
after exposure. Detailed observations on the peripheral 
nerves do not seem to have been described. The bones show 
osteoporosis. Tissues affected by frostbite, like those 
damaged in immersion foot, are very liable to chronic 
pyogenic infection. 

The pathological changes in high altitude frostbite have 
recently been reported by Davis, Scarff, Rogers & Dickinson 

References 

Bigelow, W. G. (1942) Canad. med. Ass. J. 47, 529 
1 Blackwood, W. (1944) Brit. J. Surg. 31, 329 
= Blackwood, W. & Russell, H. (1943) Edinb. med. J. 50, 385 

Davis, L., Scarff, J. E., Rogers, N. & Dickinson, M. (1943) Surg. 

Gynec. Obstet. 77, 561 

Ducuing, J., d’Harcourt, J., Folch, A. & Bofill, J. (1940) /. Chir. 

Paris, 55, 385 


(1943). In the hands the initial immediate response is con- 
striction of the terminal portions of the superficial arterioles. 
Damage to the endothelium of the terminal cutaneous capil- 
laiy loops results, after exposure, in transudation of fluid, or 
there may be thrombosis at the arleriolo-capillaiy junction. 
These changes produce large bUsters, the line of separation 
being deep to the basal germinal layer of the epidermis ; 
thus subsequent reformation of the epidermis is slow and 
derived from remnants of germinal epithelium persisting in 
the ducts of glands. When the exposure is sufficiently severe 
for the deeper arterioles to be injured, dry gangrene ensues. 
There is immediate loss of nerve function ; and concentric 
intimal fibrosis of the digital arteries proximal to severe 
cutaneous lesions, and later prolonged vasoneuropathy have 
been recorded as sequels. 
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INJURY FROM EXPOSURE TO LOW TEMPERATURE : CLINICAL FEATURES, 

PREVENTION, TREATMENT 

R. L. RICHARDS, M.B., Ch.B. 


The clinical features observed in an extremity after exposure 
to cold depend upon the duration and severity of the exposure. 
Brief exposure to severe cold results in freezing of tissues 
(frostbite) ; because they possess the property of super- 
cooling, the temperature may fall to a level below tissue 
freezing point before frostbite occurs. A short, stinging pain 
may be felt ; the afiected area becomes hard, white and brittle, 
and remains so until thawing begins, when a red flush de- 
velops around it and gradually invades it. Blisters may form, 
and there is extravasation of serum and blood in the part, 
which leads to swelling and possibly to occlusion of its blood- 
vessels so that distal portions of an extremity, already en- 
dangered by freezing, become gangrenous. If infection is 
avoided, the end-result of severe frostbite is dry gangrene 
similar to that observed in severe forms of any type of peri- 
pheral vascular disease. Tissues immediately adjacent to 
the frostbitten area remain normal. 

A more prolonged exposure to degrees of cold insufiSdent 
to cause freezing causes “ chilling ” of the tissues. This is 
the pathological basis of immersion foot, trench foot and 
allied conditions. During the period of exposure the distal 
parts of the afiected extremities become numb, are usually 
white or yellowish in colour, and after a time begin to swell. 
When the extremities are removed from the cold environment, 
they pass through three consecutive phases which have been 
described as prehypereemic, hypercemic and posthypertemic 
(Ungley & Blackwood, 1942). The prehypereemic stage is a 
direct continuation of the clinical picture during exposure ; 
the feet and legs are cold, swollen, pulseless, feel numb, 
exhibit objective loss of sensation of glove or stocking type, 
and motor activity in digits is impaired. Within hours, or in 
severe cases 1 to 2 days, a rapid change takes place to the 
hypertemic stage ; they become hot, flushed or pale, the 
pulses are full and bounding, and the patient complains of 
severe pain. The pain is usually of two types ; (1) a severe 
burning aching pain felt in the hand or foot, and (2) short, 
shooting, lancinating pains which radiate into the digits ; 
both types of pain are related to and aggravated by warmth, and 
are relieved by cold. In this hypercemic stage there is every 
evidence of an exceedingly active circulation ; if the extremity 
is de^ndent it becomes a deep reddish-purple, and'on eleva- 
tion it blanches almost instantaneously. Swelling increases, 
and blisters may form over pressure points and at the sites 
of unnoticed injuries sustained during e.\posure. Portions 
of the extremities destined to become gangrenous fail to warm, 
remain at first whitish or purple in colour, and finally become 
black and shrivelled. The area of objective sensory loss 
recedes towards the periphery ; but remains of glove or 
^per type, and there is anhidrosis of the soles or palms. 
The initial intense hypcrccmia lasts for 7 to 10 days. Mild 


cases may pass from this to normality, but the majority 
exhibit a less intense hypersemia lasting for 4 to 6 weeks. 
After this period the previously warm extremities show signs 
of vasomotor instability, and on occasion may be cool or 
cold. As time goes on the extremities tend to remain cold, 
and enter the posthypertemic stage, in which they exhibit 
undue sensitivity to cold, which may take the form of attacks 
of the Raynaud phenomenon in the digits. Return of sensa- 
tion is by nerve regeneration, and this is accompanied by the 
sensory phenomena which are associated with recovery from 
any nerve injury. When swelling subsides, wasting of the 
intrinsic muscles of the feet or hands becomes apparent, 
giving rise in the hand to an appearance like that of pro- 
gressive muscular atrophy, and in the foot to clawing of the 
toes and a flat-footed springless gait. Another feature of 
this phase is hyperhidrosis, most marked in response to 
emotional or noxious stimuli. In the most severe cases 
gangrene occurs, with loss of digits and more rarely loss of 
hand or foot. Late sequels include persistence of a cold- 
sensitive state in the extremities, recurrence of pain when 
walking is resumed, deformities of the feet and absence of 
healing in the ulcers left under bUsters or after removal of 
gangrenous tissue. Symptoms may persist for several years 
after exposure, and those who have been exposed to the effects 
of cold are more susceptible if re-exposure occurs. 

High altitude frostbite recently described by Davis, Scarff, 
Rogers & Dickinson (1943) appears to occupy an inter- 
mediate position between acute frostbite and the syndrome 
resulting from chilling. A “ wet type ” associated with much 
cedema and blister formation, and a “ dry type ” correspond- 
ing to the classical picture of frostbite are described. 

Prevenfion of frostbite is by adequate protection of the 
extremities, and this is usually possible under the conditions 
in which frostbite is likely to occur. Prevention of immersion 
foot is more difficult. The steps that may be taken have been 
fully outlined by the Medical Research Courtcil (1943). 
Maintenance of the warmth of the bodj' and avoidance of 
prolonged pen'ods of immobility, of constriction of the limbs, 
and of injury to numb and swollen extremities are all of im- 
portance. Rubbing the feet with grease probably does more 
harm than good, but the wearing of stockings impregnated 
with vaseline is now advocated. 

In the treatment of the established conditions, the aim is to 
avoid too rapid warming of the affected extremities. "D.es- 
should be derated and exposed to the air in a cool environ- 
ment ; if a fan is arailable, it may be used to cool them ; in 
hospital the use of cooling cabinets or icebags rnay be tried, 
but cooling should not be too intense, the aim being to 
tain the temperature of the extremity in the neighbourhood 
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of 20® C. Once hyperemia has developed, coohng is of 
definite value for the relief of pain. The direct application 
of heat has no place in the treatment of the chilled extremity. 
Indirect measures to increase the circulation such as reflex 
vasodilatation, vasodilator drugs, sympathetic block by local 
anaesthesia, and' sympathectomy are of doubtful value; 
there is the danger that they may increase intravascular 
pressure and tlius cause greater damage by increasing exuda- 
tion. The extremities should be kept surgically clean ; 
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blisters arc snipped with sterile precautions and raw areas 
are dressed with sulphanilamide and paraffined gauze. A 
prophylactic dose of anti-tetanic serum should be given 
An attitude of surgical conservatism is called for ; in the early 
stages the appearance of an extremity in which eventually 
only the tips of the di&ts will be lost may be most alarming. 
Amputations of the trimming variety are usually all that are 
required. In the late stages pregangliom'c sympathectomy 
may be of value in dealing with the cold-sensitive state, 
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No. 8, London 
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TREATMENT OF ARTERIAL INJURIES 

B. C. MAYBURY, M.B., B.S., F.R.C.S. 


The treatment of arterial injuries in warfare is best considered 
under two headings : (a) the early treatment shortly aAer the 
infliction of the wound, and (h) the treatment of traumatic 
false aneurysm and the two varieties of arteriovenous fistula 
which may result from certain types of injury, 

A. Early Treatment 

Immediate control of hcemorrhage : In the forward battle area 
where only first aid is available, control is effected, in order 
of preference, by local pressure, application of forceps left in 
situ, h'gature and, as a last resort, the application of a tourni- 
quet ; the last must be regarded as a confession of failure. 

Treatment at centres where adequate facilities exist and where 
the patient can be retained ; The treatment of the injury de- 
pends on the nature of the damage to the artery which may 
be : (i) complete division ; (ii) partial division ; (iii) con- 
iision : (a) with thrombosis, (b) without thrombosis ; 
iv) arterial spasm. 

, Complete Division 

The ideal of an axial anastomosis is rarely admissible in 
ligh-velocity wounds, as the damage to the severed ends by 
he “ lateral concussive effect ” of the projectile and the 
lecessity for excising the damaged ends, results in a gap 
vhich makes impossible an anastomosis without tension ; 
here is also the risk of infection which may lead to necrosis 
•f the suture-line. This method may, however, be employed 
n stab wounds, e.g. by bayonet, in which there is no necessity 
o trim the severed ends and there is little or no risk of 
infection. To prevent thrombosis, the commonest cause of 
failme, heparin should be given intravenously, if other wounds 
in the same patient do not contra-indicate its use. 

The use of an artificial cannula, the Tuffier’s tube, or fine 
variety of Whipple’s cannula, which is inserted in the gap and 
over which the severed ends of the artery are tied, provides 
a free flow of blood through the main artery for 3-4 days if 
heparin is given to prevent thrombosis. The cannula must 
be removed at the end of this period and both ends of the 
artery must be ligated. The time thus gained enables some 
degree of collateral circulation to be established and is 
valuable in reducing the risk of a rapidly spreading infection, 
anaerobic or aerobic, or ischEemic necrosis or both. The 
cannula should be of a slightly smaller diameter than that of 
the lumen of the artery to provide a stimulus for the develop- 
ing collateral circulation. 

A second variety of Whipple’s cannula consists of two 
small metal tubes which unite a free vein-graft to the severed 
ends of the artery. The whole is intended to remain per- 
manently in situ. Heparin should be given. This method 
should not be used in heavily contaminated wounds. 

If the above methods are not practicable, both ends of the 
artery must be ligated, but often the limb has to be amputated 
within a few hours for a fulminating anaerobic infection 
or later for ischsmic gangrene. Among the limb arteries the 
popliteal, and the upper part of the posterior tibial, have the 

worst prognosis in this respect. 

A primary amputation is the best procedure when^ere 
has been much muscular damage at the level of ferial 
severance, potential collateral vessels having been thereby 
destroyed. 


ii. Partial Division 

(а) With small entry andjor exit wounds in the overlying 
soft tissues : The imbrication of the various layers of muscle, 
fascia and skin across the track of the projectile prevents 
serious external hsmorrhage and the result is an arterial 
hmmatoma or early stage of false aneurysm, or if the vein has 
been wounded as well, an arteriovenous fistula. The diag- 
nosis of this type of injury depends mainly on the presence 
of a short systolic murmur wlu'ch is usually evident a few 
hours after the injury, although its appearance may occa- 
sionally be delayed. It is essential to recognise that the 
volume of blood flowing through the main artery is usually 
sufficient to cause no appreciable change clinically in the 
distal pulse and, nearly always, to ensure that there is no 
serious ischaimia of the limb. Although operations for these 
false aneurysms are eventually required, they are not often 
necessary in the first week, during which there is an adequate 
volume of blood flowing through the main artery and a pro- 
gressive increase in the collateral circulation. By early 
operative interference the surgeon is therefore doing harm. 
TTiese cases should be carefully watched, the limb should be 
immobilised and operation should be undertaken only if 
suppuration occurs, or if the pressure of the enlarging sac 
begins to interfere with the collateral circulation or with the 
flow through the main artery distal to its wound. Sometimes 
an incision through the deep fascia in the soft tissues away 
from the wound will reh’eve the pressure of an increasing 
haematoma and the distal pulse will return at once, though 
not always permanently. 

(б) With large entry andlor exit wounds in the overlying 
soft tissues : As there is no soft-tissue barrier to the escape 
of blood externally, such cases do not often reach an operating 
centre without the previous application of forceps or ligature. 
Because he fails to realize that the presence of a distal pulse 
is not necessarily evidence that the artery is intact, and because 
he fails to auscultate the wound, a surgeon may proceed to 
excise a relatively small wound in the soft tissues, and may be 
confronted with a lateral wound in the main artery. 

Suture of the arterial wound, as previously stated, is not 
often advisable ; moreover, a longitudinal suture may cause 
so much narrowing of the lumen as almost or completely to 
obstruct the blood-flow. It may, however, be tried in stab 
wounds, especially if the artery is large and its wound small. 
Heparin should be given. 

The method most likely to prove successful is to imitate 
Nature by making a barrier of soft tissues by suturing one 
or two layers of fascia or muscle over the artery and its 
wound, with the deliberate object of allowing a false aneurysm 
to develop and thereby maintaining a blood-flow through the 
main artery. Heparin should not be given. 

The use of an artificial cannula, though technically easy, 
is not so effective, as the artery must be ligated not later than 
the fourth day. The artificial barrier method ensures the 
main arterial blood flow, usually for at least a week and often 
much longer. 

iu. Contusion 

{a) With thrombosis : Axial anastomosis is never possible 
owing to the length of the artery that must be excised. 
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An incision should be made through the normal vessel 
proximal to the clot, which is extracted, and the arterial wound 
is then sutured. A layer of muscle or fascia is sutured over 
the vessel to prevent external h:emorrhage if part of the arterial 
wall should subsequently necrose. Heparin should be given. 

If the above procedure is not possible, an artificial tube 
should be used. 

(6) Without thrombosis: This injury is not diagnosable 
clinically, but is discovered during the primary excision of 
the wound in the soft tissues. As the contused portion may 
slough and separate from about the fifth day, it is desirable 
to provide a barrier of muscle or fascia to ensure the forma- 
tion of a false aneurysm and hence maintain the main arterial 
blood-flow, and also to prevent a serious external secondary 
hsmorrhage. 

iv. Arterial Spasm * 

Arterial spasm is not commonly produced by gun-shot 
wounds and is impossible to diagnose clinically from other 
arterial injuries which interrupt the main blood-flow. 

If arterial spasm is seen during the course of the operation, 
the vessel should be gently washed with sah'ne. Periarterial 
sympathectomy should not be done. If there is much damage 
to the prospective collateral vessels, the artery may be forcibly 
distended by the proximal injection of the vessel with saline. 
The condition often disappears spontaneously within 24 hours. 

Treatment of the Ischcemic Limb 

When the main arterial supply to a limb has been inter- 
rupted by ligature or injury, attempts should be made to 
reduce the demands on the limited blood available and if 
possible to increase the quantity and quality of blood. 

The limb should be kept cool and at rest by wrapping in 
wool on a well padded splint and suspending it from a cradle 
from which ice-bags are also suspended. No pressure, 
either by bandage or splint, should be allowed to occur at the 
level of the collateral vessels. The limb should be elevated 
to prevent oedema, which would compress the capillaries. 

Large transfusions of blood (in preference to plasma) 
should be given and oxj'gen should be administered by the 
B.L.B. mask. Warming the rest of the body by radiant heat 
or hot water bottles and immersing the unaffected limbs in hot 
water will increase the vascular dilatation of the affected limb. 

The value of sympathetic block is still under discussion, 
but there is much cUnical and experimental evidence, especially 
in the case of the lower limb, to show that sympathectomy 
increases the rate and volume of the collateral circulation. 
Although it is undesirable that a patient with a seriously 
wounded limb should be subjected to the major operation of 
lumbar sympathectomy, the same but temporary effect can 
be obtained by a local lumbar injection of procaine, or better, 
procaine in oil. 

Measures should be taken to combat infection, which is 
a common and serious risk in an ischasmic limb when the. 
wound is contaminated. 

It is generally agreed that when the main artery has been 
tied, the main vein should be tied as well ; this procedure is, 
however, not universally accepted. 

At a later stage, when natural warmth has returned to the 
limb and capillary return is normal, active muscular move- 
ments will help still further the collateral circulation. 

B. Late Treatment : Traumatic False Aneurj-snl and 
Arteriovenous Fistula 

The partial division of an artery, if treated expectantly, or . 
by a musculo-fascial barrier, will inevitably lead to a trau- 
matic false aneurj'sm ; or if the vein has been wounded as 
well, either to an aneurysmal varix or varicose aneury'sm. 
Almost all false aneury’sms are formed in this way, though 
a few may result from the rupture of a contused portion of 
the wall of the artery, the lumen of which has remained patent 
throughout. 

i. Traumatic False Aneurysm 

Operation is always required sooner or later, because the 
slowly but progressively errlarging sac will press on adjacent 
nen'es, on the collateral circulation or on the distal portion 
of the main artery. The longer operation can be delayed, 
the greater will be the collateral circulation, the less the risk 
of ischsmia resulting from the usually necessary ligature, the 
easier its technical performance, and the less the risk of 
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lighting up a dormant infection. On the other hand, the 
time of operation may have to be advanced owing to the 
appearance of one of the compUcations mentioned below. 
The time that should elapse between the date of the wound 
and the operation depends on many factors and varies greatly, 
but in general should be 2-4 months, and it should be longer 
in the case of the lower than the upper extremity. During 
the period of waiting, the muscles surrounding the sac should 
be kept at rest, but those of the distal portion of the limb 
should be given active movements to assist in the further 
development of the collateral circulation. 

Although arterial suture may be attempted, especially of 
a small wound of a large artery, the operation is more difficult 
and not so certain in its results as the simpler one of figature. 
Moreover, the longer operation is postponed, the less is the 
necessity for retaining the patency of the main vessel. In 
performing suture, arterial wall should be sutured to arterial 
wall, and no part of the false sac should be used to cover 
the opening. A double ligature is appUed immediately 
proximal and distal to the arterial opening and any branch 
opening into the sac is also h'gatured. Remote proximal 
ligature should not be done, as the aneurysm recurs and the 
second operation is much more difficult owing to the direct or 
indirect entry into the sac of several unknown and unmapped 
arteries. 

For the temporary control of hemorrhage, the use of a 
tourniquet, preferably pneumatic, is best. If this is im- 
possible, the artery must be exposed above and below the sac, 
and either temporary clamps must be applied or tapes, tied 
gently but firmly with a single hitch over short lengths of 
rubber tube, must be used as Ugatures. When the operation 
is completed the tapes are easily cut with a krufe, the edge of 
which is directed towards the rubber. While it is important 
to obtain an adequate exposure of the artery and sac, it is 
also important to divide as few branches not connected with 
the sac and as little muscular tissue (which contains many 
arteries) as possible ; these vessels may be vital components 
of the collateral circulation. The sac is next freely incised 
and, while an assistant places a finger over the opening of any 
branch entering it, the surgeon working from inside the sac 
separates the artery from it for a short distance above and 
below the arterial opening. The artery is then ligatured 
immediately above and below the opening and divided be- 
tween the ligatures. Any branches opening into the sac are 
similarly ligatured. Not only is there no necessity to remove 
the sac, but attempts to do so are difficult and may damage 
nerves incorporated in its wall and important components 
of the collateral circulation. 

Occasionally, when immediate proximal ligature is im- 
possible, a distal ligature may succeed if no other branches 
enter the sac or enter the vessel between the ligature and the 
sac. 

Complications of traumatic false aneurysm : The treatment 
of pressure on the collateral vessels by an arterial h$matoma 
in the early stages has already been mentioned imder A (ii) 
above. 

At a later stage internal hsemorrhage, as indicated by a 
sudden increase in size of the swelling, is caused by a leak at 
the junction of the attachment of the sac to the edges of the 
arterial wound. It is usually due to inadequate immobiliza- 
tion but may be due to sepsis. If due to the former it is 
treated expectantly prorided the distal pulse is present but, 
if absent, by a separate fascial incision. If this fails the 
artery must be ligated. Suppuration sometimes occurs, 
usually during the second wee^ and its situation is at the 
junction of the clot with the surrounding tissues. It is 
treated by incision and ligation of the artery. 

In the later stages, compression of adjacent structures, 
especially the vessels of the collateral circulation, may necessi- 
tate the advancement of the time of operation. Involvement 
of adjacent ners'es is not of necessity an indication for inter- 
ference : when operation is eventually performed the nerve 
recovery is often very rapid.' CEdema due to p.’essurc on 
veins and Ivmphatics is treated by keeping the limb elevated. 

ii. Aneurysmal Varix and Varicose Aneurysm 

Operation for varicose aneurysm is alwav-s even^Ily 
required because of the progressively enlarging sac. How- 
ever, as the rate of growth is slower than that of a tra-.i .ahc 
false aneurysm, owing to the safety-valve cfTeci of i^he o^nt.ng 
into the vein, operation can usually be postponed for a longer 
period. 
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Operation for aneurysmal varix may never be required, as 
the fistula tends to contract and, if small, may close spon- 
taneously. The chief danger is the strain on the heart pro- 
duced by the persistent tachycardia ; rarely this may cause 
death within a few days, but usually the effects are not 
noticed for several months or even years. In general, there- 
fore, all persistent aneurysmal varices should be operated on, 
but only after the lapse of some months or even longer if the 
tachycardia is not severe. The audibility to the patient of 
the bruit caused by arteriovenous fistulaj in the head and 
neck may affect his mental state and may necessitate the 
earlier performance of the operation. As other complica- 
tions of arteriovenous aneurysm are uncommon, and of 
aneurysmal varix rare, early operation is not often necessary 
in the former and rarely in the latter. 

During the early stages, the affected part must be immo- 
bilized and throughout there must be a reasonable amount of 
rest of the body to reduce the strain on the heart. 


The remarks on arterial suture for the treatment of trau 
matic false aneurysm have a similar application to arteries 
venous fistulas. If used for the cure of an aneurysmal varix 
the best approach is through the vein, the latter being sub^ 
scqucntly ligatured. 

The classical operation is the “ quadruple ligature,” i.e 
immediate proximal and distal ligature of both artery and 
vein ; in varicose aneurysm the sac must be opened and any 
branches opening into it must also be ligated. Proximal 
ligature of the artery alone must never be done ; the limb 
would bleed to death through the fistula into the vein. Distal 
ligation of the artery alone would compel more blood than 
ever to enter the vein, and is therefore not permissible. In 
aneurysmal varix, the ddnsc adhesions which bind the artery 
and vein together for a considerable distance above and below 
the fistula may make difficult the determination of the exact 
site of the fistula, which can be ascertained by noting the 
position where the murmur is loudest and of the highest pitch. 
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TRAUMATIC ARTERIAL SPASM 

SOL. M. COHEN, F.R.C.S. 


Two main types of traumatic arterial spasm may be dis- 
tinguished (i) the purely local response to direct trauma ; 
(ii) a more widespread spasm, with minimal or no direct 
vascular trauma, but associated with other severe tissue 
damage, often local, which may give rise to shock. 

i. Local Spasm following Direct Trauma 
That the arterial wall contracts in response to an injury is 
well known, but the exact mechanism of this response is open 
to argument. It has been maintained (Leriche, 1939) that 
the local periarterial sympathetic plexus provides an intrinsic 
mechanism for such spasm ; that the bruised vessel initiates 
a purely local “ automatic ” reflex, or one via the sympathetic 
“‘^glia. It has also been maintained (Leriche, 1937) that 
! damaged vessel “ reflexly ” maintains a state of spasm 
the collateral vessels, and excision of a segment (artericc- 
ny) has been recommended as a necessary measure to 
afish this collateral spasm. Nevertheless there appears to 
reasonable doubt as to the existence of any such local 
lex mechanisms. 

fhis question is of more than academic importance, for the 
ture of treatment will depend on it. Anatomists (Woollard, 
-.16; Le Gros Clark, 1939) deny that any local arterial 
ganglion cells exist: no afferent sympathetic arc has ever 
been found, and the pathways for such reflexes are speculative. 
Clinical evidence is strongly against such a local mechanism. 
No reflex can explain why spasm should last sometimes 
minutes, sometimes hours, sometimes days. Procaine 
abolishes all nerve conduction ; it should always and im- 
mediately abolish such “ reflex ” spasm if infiltrated aroimd 
the vessel wall, but it does not. Bruising of vessels is common 
in the course of operations or injuries — ^yet persistent spasm 
is rare ; the sutoed vessel, after embolectomy or repair, will 
pulsate fully, despite the damage caused by tension of sutures. 

For these reasons it has been urged (Cohen, 1941, 1944) 
that the key to the understanding of the peculiar and dififering 
responses of vascular spasm lies in the appreciation of the 
natural contractile properties of the smooth muscle of the 
arterial wall. Smooth muscle responds only to a particular 
type of stimulus ; this may be demonstrated in the bowel, 
which does not respond to cutting or pinching, but requires 
a definite type of stimulus— distension— to make it contract. 
Similarly with the vessel : a particular stimulus— a stretch- 
stimulus, or alteration in length of the muscle fibres— is 
required to initiate spasm. The local arterial bruise may 
thus be regarded not as an irritable focus, but as visible 
evidence that the vessel has sustained a severe blow. 

In traumatic arterial spasm, the fibres of smooth muscle 
may decrease to i of their resting length, and the contracted 
vessel may appear as a mere thread. Smooth muscle needs 
little oxygen to maintain its new length, and ^e vessel can 
survive and maintain a state of spasm even whilst the tissues 
around are dead or dying (C. W. Clark, 1943). 

Influence of the sympathetic : It may well be asked : vvhat 
is the function of the interlacing periarterial sympatheUc 
fibres It would appear that the sympathetic system of ^e 
limb is best viewed as an effector mechamsm-one of a 


number — for controlling the circulation. The sympathetic 
supply to the deeper vessels, compared with that to the skin 
and superficial structures, is relatively poor. The local vas- 
cular reflexes arc usually concerned with the skin, but in 
states of emergency, such as shock or asphyxia, major vessel 
contraction may come into action. 

The sympathetic system has been regarded as exercising a 
deleterious influence on the return of the collateral circulation, 
and the cold skin of the recovering circulation in the limb has 
been viewed as Nature’s mistake. Of the two measures 
which have been advocated to release this “pathological” 
spasm of the collaterals — (o) arteriectomy — to remove an 
irritable local focus maintaining reflex spasm, (b) procaine 
block of the sympathetic ganglion — neither results in any 
sudden return of the circulation. The recovering circulation, 
as judged by the skin, still appears to creep slowly down the 
limb. It has been demonstrated that the cold pale skin may 
be associated with dilatation of the deep vessels supplying the 
muscles, and it is becoming increasingly recognised that the 
muscle circulation cannot be assessed from observation of 
the skin circulation alone (Friedlander, Silbert & Bierman, 
1940 ; Grant & Pearson, 1938). The prime need of the 
recovering limb is for the early return of the circulation to the 
muscles ; skin can survive long periods of ischaemia. Sympa- 
thectomy will not increase the blood supply to the muscles. 
The cold contracted skin of the ischaemic limb may be re- 
garded as serving a useful purpose by preventing the accumu- 
lation of the limited blood supply in the skin vessels at the 
expense of the muscles. 

Types of Traumatic Arterial Spasm 

Several varieties of local spasm following the local vessel 
injury need separate discussion. 

(a) Spontaneous suppression of hcemorrhage : Natures 
method of sealing the divided vessel is indeed ingenious ; the 
elasticity of the vessel, wlrich speeds the blood flow, also 
initiates the impulse that seals the flow when the vessel is 
severed. The elastic tissue in a vessel is in a state of longi- 
tudinal stretch ; to divide it is to alter suddenly the length 
of the muscle fibres and to initiate the muscle contraction. 
Only the muscle fibres adjacent to the point of division are 
thus affected, and this accounts for the very localised segment 
of vessel involved in such spasm. Where the recoil of the 
divided vessel is prevented, contraction is defective. Thus 
the partially divided vessel continues to bleed ; a strip of 
adventitia or a shred of intact vessel wall will suffice to main- 
tain the muscle length and thus prevent spasm. It is perhaps 
not sufficiently realised that forcible traction on a vessel, as in 
embolectomy or in dissection of an aneurysm, may induce 
prolonged and extensive spasm, especially in the distal vessel 
segment. This fact has an important practical application, 
for it emphasises the need for gentleness, and the avoidance of 
strong pull by artery forceps to deliver the vessel for ligature. 

(b) Arterial spasm following gunshot wound: 

“ near miss ” by gunshot or bomb splinter, the vessel may be 
found in a state of spasm. This is often referred to as 
stupeur arterielle or sometimes as “ Kroh’s arterial spasm. 
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: following the description by French and German obsen-ers of 

: cases in the 1914-18 war. Usually, it has been an accidental 
; finding in the course of vessel exposure during wound ex- 
; cision ; absence of pulse may have suggested it. Only a 
short segment of vessel may be involved. The spasm is 
rarely maximal, the lumen being merely narrowed and the 
distal limb is rarely seriously endangered. There is no 
evidence in these cases that the collateral circulation is also 
held in "reflex” spasm. It would appear reasonable to 
regard this form of spasm as consequent upon the sudden 
stretching of the vessel by lateral displacement due to the 
exploding force of the missile. Almost invariably, after 
inspection of the vessel and removal of adjacent blood clot 
without further intervention, such spasm disappears within 
24 hours — with a satisfactory subsequent result. 

(c) Arterial spasm following fracture ; The importance of 
arterial spasm as a cause of gangrene or Volkmann’s con- 
tracture has become increasingly recognised. Minor degrees 
of spasm are often found to follow fracture manipulations ; 
the pulse disappears, as a rule only for a short period of 
20-W minutes, and there are no indications of nutritional or 
functional disturbance in the limb. The spasm may, however, 
last many hours and continue imtil the death of the limb. 
That the vessel is in spasm can be decided only by surgical 
exploration. It is important to remember that spasm is not 
the commonest cause of suppression of the pulse ,* often the 
vessel is divided, sometimes it is thrombosed, and at other 
times it is stretched over a bone spike, or is caught between 
the bone ends. It may even be compressed by an increasing 
hsmatoma. 


It is tempting to wait and observe, for we know that such 
“ spasm ” often disappears spontaneously ; but it cannot be 
assumed that this will happen, and where there is any doubt 
about the pulse, it is important to expose the vessel early. 
If the limb, and especially the muscles, are to be saved, 
operation must be done preferably within 6 hours of the injury. 
If the vessel is found to be in spasm, any surrounding blood 
clot should be gently removed and hot saline applied. Peri- 
arterial sympathetic stripping is inadvisable, and procaine 
injection lordly or into the ganglia fails to release the 
spasm. 

The degree of spasm varies ; if it be mild, the vessel merely 
narrows and there are no distal ischremic manifestations. 
In such cases, the vessel is best left alone, for the spasm vWll 
often disappear within a few hours. Plaster casts are contra- 
indicated in such cases, as they may compress the col- 
lateral vessels over the bony points. 'V^ere the vessel is in 
very tight spasm — like a string — more desperate measures 
should be tried. Experience shows that this type of spasm 
does not relax spontaneously. Forcible stretching of the 
vessel lumen, by injection of saline under pressure through a 
No. 17 needle, is worthy of trial. It may be necessary to 
compress the vessel proximal to the needle point so as to 
raise sufficient pressure. Reasons for disbelief in the value 
of arteriectomy have already been mentioned above, and to 
do an arteriectomy where there is extensive collateral damage 
is to make certain of disaster. 

A particularly obstinate type of vascular spasm sometimes 
follows fracture or injuries in the region of the popliteal fossa, 
particularly fractures of the condyles of the tibia, often with 
no displacement. Such spasm has also followed the use of 
the Bohler frame or other counter-pressure on the back of the 
lower end of the thigh. On exploration, some blood-staining 
of the adjacent areolar tissues may be seen, but there is no 
visible damage to the vessel. Often the patient has other 
injuries and has at some time been severely shocked. This 
type of spasm is distinct from the myogenic variety that we 
have been considering, and is probably best regarded as a 
shock response \vith local vascular emphasis. Its treatment 
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will be considered in the discussion of the probably allic,' 
conditions, crushing injury and tourniquet spasm. 

ii. Local Spasm without Direct Vascular Trauma 
Under this heading may be considered the type of arterial 
spasm that follows the “ crushing injury ” or the tight 
tourniquet. In the cases of" crushing injury ” that followed 
compression of limbs by fallen masonry (in some air-raid 
casualties) Bywaters, Belsey, McMichael, Dunn et al. (1942) 
found that an intense arterial spasm was the commonest 
cause of the limb ischremia. TTiere was no evidence of 
damage to the main arteries of the limb. The persistence of 
this spasm even after rapid liberation of the victim has been 
regarded as responsible for the subsequent muscle necrosis. 
According to Bywaters (1942), it is the autolysis of this dead 
muscle that determines the ultimate renal failure. A similar 
state of arterial spasm has occasionally been found to persist 
after tourniquet removal. Experimentally it has been found 
impossible to produce arterial spasm with the soft rubber 
tourniquet (Wilson & Roome, 1936), although Barnes & 
Trueta (1942) succeeded with a tight wire. The vessels were 
found uninjured, for the main artery of a limb, especially in 
the thigh, is well cushioned. Where the vessel in clim'cal 
tourniquet spasm has been exposed by operation, no vessel 
damage has been found. Further, this circumferential com- 
pression is not the type of stimulus that initiates arterial 
spasm, which requires a more brutal type of constriction. 

The spasm appears to be best interpreted as a shock 
response, a reflex spasm, the reflex probably starting in the 
skin or deeper tissues and the sympathetic system serving as 
the efferent vasoconstrictor mechanism. It is probable that 
the reflex has to travel via the spinal cord, for experimentally 
the opposite limb vessel is also found involved in spasm. 
The appropriate treatment of this type of spasm is not yet 
decided. Hitherto, particularly in “ crushing injuries,” 
treatment has been concerned more with the saving of the 
life of the patient by attention to renal function, than with the 
limb. It had been hoped to prolong the vitality of the limb 
by keeping it cool, whilst waiting for the spasm to disappear 
spontaneously (Blalock & Duncan (1942) have shown ex- 
perimentally that renal complications can be averted by cool- 
ing the h’mb). This type of spasm, however, appears to be 
particularly recalcitrant. Procaine injection of the major 
nerve trunks should be tried ; both the afferent paths and the 
efferent sympathetic fibres will thus be blocked. Experi- 
mentally, sympathectomy has proved of definite worth. 

General Condition and Spasm of Major Vessels 
The generalised contracture of the smaller skin vessels in 
shock is well known, and is indicated by skin pallor. Studies 
of the effects of venesection (Barcroft, Edholm, McMichael 
& Sharpey-Schafer, 1944) show that with moderate hsmor- 
rhage— 800 cm.’— the flow of blood to the muscles remains 
fairly constant unless syncope supervenes, when vasodilata- 
tion in the muscles has been demonstrated. With more 
severe hemorrhage, the major vessels have been found, ex- 
perimentally and clinically, to be small and contracted. In 
states of shock other than hemorrhagic, arterial spasm has 
at times become sufficiently marked to obliterate the distal 
pube affecting different limbs in turn. Even in the mild 
shocked case, "irritability” of the vessel b a particular 
feature, and wth the slightest dissection around it the vessel 
contracts ; this may be of special significMce m the t^ of 
vascular spasm that follo\vs injury to neighbouring tissues. 
There is also some evidence that vasoconstrictive shwk rnay 
determine the onset of a Volkmarm lesion (Shepherd, 1943). 
This rationing of blood to the limbs when the general condi- 
tion is poor, has to be carefully remembered in the treatment 
of the limb with vascular spasm. Attention to the general 
condition must therefore be the first consideration. 
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DISCUSSION ON IMMERSION INJURIES AND 
VASOMOTOR DISORDERS OF THE LIMBS IN 
WARTIME 

by J. R. Learmonth, C. C. Ungley, W. Blackwood, J. B. 
Gaylor, R. Greene & T. Lewis, Proceedings of the Royal 
Society of Medicine, 36, 515-522, August 1943 

Professor J. R. Learmonth said that in total war vasomotor 
disorders might affect all age-groups, and their effects were 
most serious in the elderly, in whom arteries had lost resili- 
ence. He suggested the following clinical classification : 

L Vasomotor Disorders Resulting from Injuiy 

A. Arterial spasm B. Traumatic C. Traumatic D. After division 

I arteritis venous of peripheral 

I I thrombosis nerves 

i. Local (^ler sub- ii. Of collateral 
cutaneous injury) vessels 

II. Vasomotor Disorders Occurring in Organic Vascular 
Disease 

A. Syphilitic^ B. Arterio^ C. Thromho- D. Paradoxical 
endarteritis sclerosis anf:ittis spasm 

obliterans 


npid ii. Of slow iii. Of stabUtzed 
development development type 

nr. Vasomotor Disorders from Local Effects of Cold 

A. Symmetrical B. Vasomotor C. Immersion D. Frostbite 
syphilitic digital symptoms foot 
gangrene and signs 

started or 
accentuated 


i. Change of ii. Change of iii. High 

occupation climate altitudes 

Arterial spasm resulted from arterial injury ; it was difficult 
to distinguish from arterial thrombosis. Both conditions 
might lead to vasoconstriction in collateral vessels. Spasm 
has been unaffected by periarterial sympathectomy proximal 
to the lesion, by attempts at reflex vasodilatation, and by 
preganglionic sympathectomy. The possibility of spasm 
or thrombosis was an urgent indication for exploration of the 
suspected artery, and excision of obviously injured segments. 
In the interval the nutrition of the limb should be conserved 
by avoiding the local application of heat, and possibly by the 
application of local cold. Uncomplicated arterial spasm 
recovered spontaneously. 

Traumatic arteritis might occur in the main arteries of 
othenvisc healthy young men, with resulting thrombosis. 
The clinical features were those of progressive ischsmia. 
These cases had been treated by preganglionic sympathec- 
tomy, followed by excision of the thrombosed segment of 
vessel in cases where this was feasible. 

Traumatic venous thrombosis [or spasm] might give rise to 
reflex arterial constriction, which was relaxed by interrupting 
the appropriate preganglionic sympathetic fibres by para- 
vertebral novocain injections. 

In organic vascular disease the pathological diagnosis 
might be syphilis, arteriosclerosis, or thrombo-angiitis 
obliterans. The clinical features included both nutritional 
lesions and vasomotor attacks of the Raynaud type. In most 
cases treatment should be conservative ; but in selected 
younger patients suffering from thrombo-angiitis, pre- 
ganglionic sympathectomy might permit minor rather than 
major amputations. 

Vasomotor disorders from local effects of cold included the 
rare condition of symmetrical syphilitic digital gangrene, and 
the numerically important group in which vasomotor symp- 
toms and signs had been started or accentuated by change of 
occupation, change of climate, or exposure to the cold of 
high altitudes. Examples of the latter group were given. In 
general, operative treatment by preganglionic sympathectomy 
was employed only when it was desired to retain the patient 
in one of the Armed Services ; otherwise treatment was 
conservative. 

In immersion foot, first-aid should aim at preventing a too 
rapid return of blood-flow to the chilled parts ; patients were 


kept prone, by an open window, with the legs uncovered and 
elevated. In the later stages the attitude towards amputation 
should be rigidly, conservative. 

Surgeon Commander C. C. Ungley began by summarising 
the main clinical features of immersion foot, and described 
the three phases (prehypera5mic, hyperaimic and posthyper- 
ffimic) through which the extremities pass. Cases were 
classified into 4 groups according to the amount of sensory 
loss to cotton wool touches at 7-21 days after rescue : 

i. Minimal cases with no, or at most transient, inter- 
ference with nerve function. 

ii. Mild cases with reversible nerve damage. 

iii. Moderately severe cases with irreversible (degenerative) 

nerve lesions. 

iv. Very severe cases with irreversible (degenerative) nerve 

lesions usually with gangrene. 

A further subdivision into 9 smaller groups was also made. 
It was found that classification in this way correlated well 
with the severity of the other features of the condition, and a 
prognosis could be given for each group of cases. 

Vasomotor observations in the hyperaemic and post- 
hypencmic stages were recorded. Serial observations of 
skin temperature showed that in moderately severe cases the 
digits of the affected extremities might remain warm 
(30-35° C.) for as long as 7-8 weeks after rescue. During 
this period the normal skin temperature gradient from groin 
to toes was abolished. In the later stages of the hyperasmic 
phase the temperature of the toes became unstable and they 
might be very warm one day and cold the next. In the early 
stages a vasomotor paralysis was present and the temperature 
of the toes remained unaltered at a high level despite immer- 
sion of the arms in cold and hot water. Later, as the toes 
cooled, normal vasomotor activity might be restored or ab- 
normal vasomotor responses might be observed. It was 
demonstrated that during the hypenemic phase the cutaneous 
vessels of the feet were sensitive to physiological concentra- 
tions of circulating adrenaline released by insulin hypo- 
glycrcmia. Skin-temperature obser\'ations made during 
experiments in fan-cooling proved the efficacy of this method 
of treatment in reducing the temperature of the hyperremic 
feet and also yielded some interesting and curious results. 
The speaker pointed out that there was a certain similarity 
between the findings in the hypenemic stage of immersion 
foot and those which follow postganglionic sympathectomy. 
In the late hyperjemic stage it was often found that, if the feet 
were exposed to cold (e.g. by fan-cooling), their temperature 
would remain low for a very long period and wr>uld rise only 
very gradually despite efforts to accelerate warming by 
raising the body ternperature. This phenomenon of delayed 
warming persisted into the posthyperffimic state, where it 
became associated with that of cold-sensitivity, and attacks 
of the Raynaud phenomenon might be observed. It was 
thought that these phenomena were not entirely vascular in 
origin but might be the result of partial denervation or re- 
innervation of cutaneous blood vessels whereby they become 
sensitised to adrenaline and similar substances and to the 
local vasoconstrictor effect of cold. 

Dr. W. Blackwood dealt with the pathological findings 
in clinical and experimental immersion foot, which suggested 
that “ at the time of immersion damage was done to all the 
structures in the limb of a degree and to a level dependent 
upon the length and severity of exposure.” Changes were 
patchy; axis cylinders and myelin sheaths were killed, 
muscles were damaged. After rescue, nerves began to 
regenerate ; muscles were either re-innervated or replaced 
by fibrous tissue. [See also experimental observations of 
Blackwood & Russell, 1943.] 

Dr. J. B. Gaylor said that in the cold-sensitive stage of 
immersion foot there was pathological failure of reflex 
vasodilatation, varying from lack of response to a slow rise, 
even when the toes were anesthetic. 

Dr. Raymond Greene considered that the Continental 
opinion that the sympathetic supply to the affected parts 
should be interrupted was not physiologically sound. In 
immersion foot, cold had performed a postgangliMJC 
sympathectomy ; and only in the cold-sensitive state, when 
partial regeneration had occurred, should pregangliomc 
sympathectomy be considered. In the acute phase, increased 


arterial input would do harm by increasing transudation. 
[See also Greene, 1943.] 

Sir Thomas Lewis emphasised that all available evidence 
indicated that cold, as cold, damaged the tissues of immersed 
limbs, and that the damage was the greater the longer the 
exposure and the greater the degree of cold. [See also 
Lewis, 1942.] Sympathectomy should be reserved for the 
rare late algid phase of the affection. The hypothesis that 
arteriectomy would release reflex constriction of collateral 
vessels had not yet received physiological sanction or proof. 
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S\VELLING OF THE HUMAN LIMBS IN RESPONSE 

TO IMMERSION IN COLD WATER 

by T. Lewis, Clinical Science, 4, 349-360, December 1942 

Sir Thomas Lewis, Director of the Department of Clinical 
Research, University College Hospital, London, adds in the 
present paper to his well-known work on the physiology of 
the skin. After noticing that his hand be<kme swollen 
during long immersion in cold water he proceeded to analyse 
experimentally the causes of the swelling. Observations 
were made chiefly on the author’s own hands. The volume 
of the hand tos measured by a displacement method. Before 
each measurement the veins were emptied by raising the arm 
for one minute, after which the circulation was stopped by 
throwing a pressure of 200 mm. Hg into a pneumatic cuff 
embracing the elbow joint with the fist clenched. 

Three factors can contribute to such swelling — imbibition 
of water by the sldn, engorgement of the smaller blood 
vessels, and oedema. At 35° C. swelling can be entirely 
prevented by enclosing the hand in a loose rubber glove and 
keeping the arm horizontal. In the absence of these pre- 
cautions swelling occurs, and is due partly to imbibition by 
the skin and partly to engorgement of the small vessels and 
ffidema due to mechanical causes. 

At 5° C. there is little or no imbibition of water by the 
skin, but swelling may amount to an increase of as much as 
15 % which is more than twice that at 35° C. If the sum is 
kept horizontal swelling is only sUghtly diminished at the 
lower temperature. The swollen hand shows typical oedema 
and pitting of the subcutaneous tissues. The oedema fluid 
contains about 3 % of protein, showing that there is increased 
permeability of the vessel walls. 

From the evidence presented in this paper the author 
concludes that long exposure to temperatures of about 15° C. 
or lower directly injures the tissues and leads to the libera- 
tion of “ H-substance,” the mechanism believed to be 
common to cutaneous injuries, and the production of an 
inflammatory oedema. The author points out that if 60 cm.’ 
or more of albuminous fluid may be lost into a hand exposed 
o cold for 3 hours, it is clear that there must be a much 
greater loss of fluid and protein into the tissues when, for 
example, sailors are adrift in open and swamped boats, with 
arger areas of several limbs exposed for hours or even days. 

s factor should be taken into account in estimating the 
ettects of exposure to cold upon the whole circulation. 
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vasoneuropathy after CHIL- 

• Immersion Foot and Immersion Hand ” 

17 / 10 ) 42 ’ 2, 447-451, 

contains the first report on “ immersion foot,” 

' on which was found to develop in men who had 
jg, boats with their lees immersed in cold 

- ^ er, and which closely resembled the “ trench foot ” of 


the 1914-18 war. The hands may be similarly affected. 
Investigations on some 80 cases seen in Scotland over a period 
of 2i years are described. In these cases immersion in sea- 
water at —2° C. to 10° C. for periods up to 14 days resulted 
in damage to peripheral vessels, nerves, muscles and skin. 

The affected limbs usually passed through three main 
stages,* preltypercemic, hypercemic and postliypercemic. Late 
sequels included recurrence of pain, tingling, swelling or 
blisters, persistence of a cold-sensitive state or of hyperhi- 
drosis, and occasionally circulatory defects suggestive of 
vascular occlusion. Of 18 moderately severe cases which 
were followed for 2 years, 7 were doing full duty, 2 had been 
invalided, and the rest were doing light duty such as office 
work at the end of that period. 

The paper concludes with a detailed discussion of the patho- 
genesis and general principles of treatment of the condition. 
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EXPERIMENTS IN THE STUDY OF IMMERSION FOOT 
by W. Blackwood & H. Russell, Edinburgh Medical Journal, 
50, 385-398, July 1943 

This important paper deals with the histological changes in 
muscle and nerve in the tails of rats, following prolonged 
immersion in cold (4°-5° C.) artificial sea water. Exposures 
of 48 hours produced sfight lesions, of 96 hours marked 
lesions. The experiments were conducted in three series. 
In Series A the animals were allowed to recover slowly, 
spending the first 24 hours in an imheated (13-5° C.) room, 
before transference to the animal house (18° C.) ; in Series B, 
after removal from the cold water they were warmed rapidly 
for 30 minutes in shallow water at 29° C. before transference 
to the animal house ; and in Series C they were heated for 
3 hours in an incubator (37° C.) before transference. 

In general, lesions were confined to muscle and nerve, being 
absent in skin, subcutaneous tissue, and blood vessels. In 
Series A, the histological findings in rats killed at varying 
intervals after exposure were as follows : In animals lolled 
immediately after the longer exposures there was polychromic 
staining of the muscle fibres, loss of striation, and coagulation 
of segments of myoplasm into hyaline masses lying inside 
the muscle tubes (giving an appearance suggesting Zenker’s 
necrosis). At 2 days after exposure, severely damaged myo- 
plasm had disintegrated, the sarcolemma nuclei appeared to 
increase in number, and there was a general reaction mani- 
fested by capillary congestion, and polymorph and monocyte 
infiltration. After 3 days’ exposure, reaction was well 
advanced, and the damaged muscle fibres were replaced by 
cellular tubes containing sarcolemma nuclei, phagocytes and 
some cells in mitosis. The destruction of fibres in any one 
muscle bundle was irregular. After 14 days, hyaline aggre- 
gations of myoplasm had been removed and the narrowed 
muscle tubes contained only a strand of striated myoplasm. 
Sarcolemma nuclei were numerous and were in groups. At 
30 days, muscle fibres were still small, sarcolemma nuclei 
numerous and prominent. At 60 days, the picture was still 
much the same as at 30. The authors point out that fibre 
atrophy and sarcolemma nuclear increase may also follow 
denervation. Tower (1935) has shown that this change is not 
apparent earlier than four weeks after denervation. 

Damage to the nerves also was apparent in animals killed 
immediately after the longest exposures, although its extent 
did not become clear as rapidly as with muscles. Irregularity 
of myeh'n sheaths xvith swelling of Schrvarm cells and occa- 
sional discontinuity of a few fibres was followed in 1-2 days 
by the early stages of Wallerian degeneration. At 3 da>'s, 
the reaction was fully established and the disintegration of 
myelin and axis cylinder material was obvious. At 14 daj-s. 
some of the myelin debris was removed, the Schwann tubes 
were easily identified, and increased cellularity of the nerve 
bundles was apparent. At 4 weeks, globules of degenerate 
myelin were still seen within the Schwann tubes in the rnair 
nerves, and the small branches to muscics showed a diminu- 
tion in the number of the mjelinated fibres. 

In Series B the changes were fundamentally the same, bu 
were more intense at 3 da>’S. .After 4 weeks nerve daman 
was similar, but there was less residual damage in muKle. 

In Series C the muscle and iierve damage at 3 and .-0 day 
was comparable to that in Series -A. 
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The authors consider that neither denervation of muscle, 
nor organic vascular obstruction, contribute to the histo- 
logical appearances, and that cold in itself may be responsible 
for the injury to muscles and nerves. The changes in muscle 
may be due to the selective inactivation of enzymes, those 
requiring most oxygen being retarded first ; at the same time, 
slow oxidation continues, and metabolites accumulate. In 
muscle, this leads to the accumulation of lactic acid, and 
myosin, the main constituent of muscle protein, is unstable 
on the acid side of neutrality. 

The authors point out that the similarity in nature and 
degree of the histological appearances in their three series 
does not support the hypothesis that slow warming limits the 
severity of the lesions. The article is illustrated by a number 
of superb photomicrographs. 

[The authors’ findings that warming after rescue did not 
lead to any alteration in the histological picture, should — as 
indeed they intended — be accepted only for the tail of the rat 
and for the range of temperatures obtaining in their experi- 
ments. They make the statement that 28° C. “ cannot be 
considered a true warming up process ; ” and in Series C the 
temperature of the incubator was below the body-temperature 
of rats. 

The clinical rule that in “ immersion foot ” the parts 
affected should not be locally heated (especially to tempera- 
tures above normal) is still valid.] 

[see also BMB 394 : B. Animal experiments] 
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IMMERSION FOOT AND IMMERSION HAND (PERI- 
PHERAL VASONEUROPATHY AFTER CHILLING) 
by C. C. Ungley, Bulletin of War Medicine, 4, 61-65, October 
1943 

Immersion foot is a condition which follows prolonged ex- 
ire to degrees of cold insufficient to cause true frostbite, 
lay occur without actual immersion of the limbs, and the 
ds may be affected as well as the feet. Thus, as the author 
Its out, the term “ immersion foot ” is a misnomer and 
iripheral vasoneuropathy after chilling ” is suggested as 
g more comprehensive and accurate. . The condition is 
t often seen in shipwrecked mariners who spend long 
ods on rafts or in lifeboats with their feet almost con- 
tinuously immersed, but it may be observed under any con- 
ditions in which extremities are exposed to cold and wet. 
The severity of the condition is found to depend chiefly upon 
duration of exposure and temperature. Other factors which 
may influence severity are clothing, particularly footwear 
(which affords some protection for short exposures but may 
later be dangerous if it constricts swollen limbs), immobility, 
sea-sickness, starvation, age and race. 

During exposure, and for several hours after rescue, the 
aflfected extremities are cold, numb, swollen, pale, blue or 
mottled in appearance, and are pulseless (the prehyperaemic 
stage). Within a matter of hours there is an abrupt onset of 
hyperaemia. The extremities become hot and dry with full 
and bounding peripheral pulses. Colour-changes on eleva- 
tion and dependency are striking, and indicate a very active 
cutaneous circulation. The amount of swelling usually 
increases during this phase, and blisters, petechife, ecchymoses 
and areas of superficial gangrene may appear. The appear- 
ance of the feet at this stage may be most alarming, but the 
amount of tissue loss is usually slight and deep gangrene is 
rare. Damage to peripheral nerves is manifest by subjective 
and objective sensory disorders, and by motor, vasomotor 
and sudomotor paralyses. Pain of a burning or shooting 
type may be severe and only relieved by morphine ; in milder 
cases patients complain of tingling or pins and needles. These 
symptoms are related to warmth and dependency, and are 
alleviated by cooling and elevating the limbs. They increase in 
severity for the first 7-10 days after rescue and then gradually 
subside but may persist for as long as 6-10 weeks. Sensory 
loss of glove or slipper type for all varieties of sensation is 
often observed in severe cases. Hyperassthesia is observed in 
milder cases, and, during the recovery phase, in cases with 
degenerative nerve lesions. Motor lesions consist of wasting, 
loss of power and impaired electrical reactions in the intrinsic 
muscles of hand or foot. Cutaneous vasodilatation, absence 


of reflex vasomotor activity on heating and cooling unaffected 
limbs, and failure of the skin temperature of the di^ts to rise 
after peripheral nerve block are evidences of vasomotor 
paralysis. 

It is pointed out, however, that alt the vascular disturbances 
in the hypera:mic stage of immersion foot cannot be accounted 
for on the basis of paralysis of sympathetic vasoconstrictor 
fibres. Tests of sudomotor activity in this stage show areas 
of anhidrosis approximately corresponding to those of sensory 
loss. The duration of the hypermmic phase varies from a few 
hours to 14 weeks or more, depending upon the severity of 
the case, ft is succeeded by a posthyperffimic phase in which 
the extremities are permanently cool or cold, hypersensitive 
to exposure to cold, and sweat excessively, particularly in 
response to emotional of painful stimuli. In some cases an 
intermediate stage is observed. In this the extremities, 
although usually warm, if exposed to a low temperature may 
become very cold and remain so for many hours, only be- 
coming warm again veo^ slowly (algid state). This condition 
passes into the cold-sensitivity of the posthyperajmic stage, in 
which attacks of the Raynaud phenomenon may occur. The 
physiology of these late vascular disorders is as yet imperfectly 
understood. 

Cases are graded according to the amount of nerve damage 
as assessed by the amount of sensory loss : (a) minimal, with 
little or no interference with nerve function; (h) mild, 
with reversible nerve damage but no blisters or gangrene ; 

(c) moderate, with irreversible (degenerative) nerve lesions ; 

(d) very severe, with irreversible (degenerative) nerve lesions 
and gangrene. 

ft is found that classification in this way can be correlated 
%vith the severity of the other features of the condition and 
that the prognosis can be assessed for each group. 

In material obtained from cases of immersion foot, patho- 
logical changes have been observed in muscles, nerves, arteries 
and veins, ft is not certain whether these changes are the 
direct result of cold, or arc produced indirectly by ischsenaia 
or other factors. 

In regard to prevention, the instructions given by the Medical 
Research Council (1943) are quoted. For the immediate 
treatment of immersion foot, elevation of the affected limbs, 
which should remain exposed to the air, and the application 
of warmth to the body are recommended. Heating the 
affected limbs is condemned. In hospital, dry-cooling the 
limbs by fans or ice-bags has given good results, particularly 
as regards the relief of pain. Rest in bed imtil all swelling 
has subsided and the patient can walk without pain is advo- 
cated. In the presence of gangrene, cleanliness and an 
attitude of surgical conservatism are required. Sympathec- 
tomy has no place in the early treatment of immersion foot, 
but may be of value for the symptoms in the late post- 
hypertemic phase. 
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/ETIOLOGY OF “ IMMERSION FOOT ” 

by B. W. Goldstone & H. V. Corbett, British MedicalJournal, 


, 218-219, 12/2/44 

he distinction between frostbite and chilling of the tissues is 
nphasised. The authors describe the clinical features seen 
1 four parties of rescued men whose limbs were exposed to 
nraersion in water above freezing point. A swollen stage 
ad a stage of diminishing cedema are described. In the 
)rmer the extremities are painless ; in the latter there are 
were pain, paraesthesiee, tenderness of the feet with objective 
msory loss ; and the ankle jerks are stated to be diminished 
r absent. The resemblance of the picture to that of peri- 
heral neuritis is stressed. Salt-water boils and duodenitis 
ccurring in two cases (one fatal from haemorrhage) are 
lentioned as complications, 

ft is considered that the clinical features of the immersion 
30 t syndrome are the result of the combined effects of cold 
nd relative ischaemia. In response to this double trauma 
le bioIogicaUy weakest tissue, nerve, suffers first ; hence the 
ssemblance of the condition to peripheral neuritis. It is 
inly if exposure is severe that the more resistant tissues 
uffer and gangrene results. 
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In contrast to current teaching, the authors beheve that 
measures for active local vasodilatation have a definite place 
in the treatment of the syndrome, and state : “ AAer the 
first few days of illness most of our patients were allowed a 
heat-cradle to their feet. When the pain became severe they 
begged for the cradle ; it relieved the pain.” They rightly 
stress the importance of the weakened neuro-muscular 
apparatus of the feet. Early weight-bearing is to be avoided 
and faradization and foot exercises are recommended. 

[The authors do not appear to have differentiated between 
two distinct syndromes resulting from prolonged immersion 
of the extremities which have been described, the “peri- 
pheral vasoneuropathy after chilling ” of Ungley & Black- 
wood (1942), and painful swollen feet secondary to prolonged 
dehydration and malnutrition (White, 1943). No details of 
the conditions of exposure are given, and it seems probable 
that many, if not all, of the present cases belong to the second 
group.] 
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STUDIES IN THE PATHOLOGY OF HUMAN ‘IM- 
MERSION FOOT ’ 

by W. Blackwood, British Journal of Surgery, 31, 329-350, 
April 1944 

This is a histolo^cal study of material from 14 cases of 
immersion foot, consisting of a detailed and profusely illus- 
trated account of the individual cases, with short clinical 
notes, followed by a consideration of the histological changes 
in the individual tissues. 

The specimens varied in type from a digital nerve to a whole 
foot and leg ; they varied also in the time which had elapsed 
between the period of exposure and the removal of the 
s^imen ; the earliest being a foot removed from a man who 
died during exposure, and the latest a lower limb amputated 
26 monte after exposure. In the later cases gangrene and 
chronic infection were sometimes present. Material was 
not obtained from cases during the early days following 
exposure. 

“ Blood vessels, muscles, nerve trunks and bone were 
particularly examined. The relative severity of injury to the 
tissues varied, being most severe in nerves and muscles.” 
The proximal level of nerve and muscle injury ^vas often far 
proximal to any areas of cutaneous necrosis. 

Orgamc vascular changes were found to be minimal, except 
close to gangrenous extremities or in chronically infected 
stumps. There was no evidence that the cold-sensitive state, 
so often seen clinically, had a basis in organic arterial change. 

Zenker’s hyaline necrosis was seen in the foot muscles 
of a man who died during exposure. “ Muscle was not seen 
again until 4 monte after exposiue. In the experimental 
Mimal (Blackwood & Russell, 1943) the early part of this 
mterval was occupied by inflammatory changes in the necrotic 
muscle fibres, resulting in the production of slender hyper- 
nucleated fibres. It seems likely that a similar process occurs 
in man, but of this there is no histological proof.” From 4 
months onwards the changes were indistinguishable from 
those due to denervation, and were associated with severe 

^generation of nerves to the muscles. From 12 monte 
onwards there was evidence of re-innervation, and in some 
cases of restoration to normal. Fibrosis of muscle was not 
a prominent histological feature. 

The nerves showed degeneration in all cases surviving 
wposure. In the later cases regeneration was present. 

ree cases allowed an estimation to be made of the rate of 
Itineration. This was slow but not unduly so. The nerve 
mjury was often subtotal, and large myelinated fibres were 
ongst those surviving exposure. This feature, which was 
noted by the author, suggests that the patho- 
fi^K selectively attack the large myelinated 

tniinfected cases . . . there was new bone 
t''art ^'ibperiosteally and around the havetsian canals 
' ' Th to reconstitute the radiographic normal.” 

lack discussed pathogenesis because of the 

the \-ety important evidence of very early post- 


exposure material. As stated in the preamble, “ The histo- 
logical findings in this series of specimens tell part of the story 
of the bodily reactions to severe chilling of the extremities. 
Though the story is incomplete, it seemed advisable to put 
the findings on record in view of their present interest and 
because no other account of the histology of human immersion 
foot has been found.” 

[ree also BMB 394 ; A. Human material] 
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THE IMMEDIATE VASCULAR CHANGES IN TRUE 
FROSTBITE 

by R. Greene, Journal of Pathology and Bacteriology, 55, 
259-267, July 1943 

The author reviews previous studies on the eSects of cold on 
the tissues, and reports the results of his own experiments on 
mice. The tails of the mice were frozen by means of solid 
carbon dioxide, at temperatures from — 62° to — 67°C. 
Tails thus frozen for 15 minutes invariably became completely 
gangrenous, and were shed 7 days later. Freezing for 
5 minutes produced similar changes but the proximal inch 
[about 2-5 cm.] of the tail survived. Freezing for 1 minute 
at — 62°C. was found to result in a constant sequence 
of events after the animal was removed from the freezing 
chamber; this was adopted as the procedure for most 
experiments, and is referred to as standard frostbite. 

Macroscopic changes in standard frostbite. Immediately 
after freezing the tail is pale and hard ; thawing is complete 
in 10 minutes and is associated with hypersmia and slight 
cedema. No conelation was found between the amount of 
oedema at this stage and the ultimate result. Hyperaeraia 
subsides in 5 hours ; 24 hours later the terminal centimetre 
of the tail is brownish purple, gradually undergoes dry gan- 
grene, and is shed at any time up to 18 days. 

Microscopic changes. Apart from constriction of the caudal 
artery, vascular changes were confined to the portion of the 
tail destined to become gangrenous, in which swelling of the 
vascular endothelium and the formation within the lumen of 
the vessel of a shrunken pigmented mass consisting of clumps 
of erythrocytes were constantly observed. These changes 
were present 5 minutes after freezing. Later, there was 
further intimal damage and the development of signs of 
necrosis of the tissues of the tip of the tail, which continued 
up to the time of separation. In tails frozen for 2, 5 and 15 
minutes the changes differed only in their intensity from those 
in standard frostbite. The author points out the sipiificant 
fact that arterial thrombosis was not observed in any instance. 
The essential change is a loss of fluid through damaged 
vascular endothelium leading to an accumulation of erythro- 
cytes in the blood vessels. True thrombosis may occur as a 
secondary phenomenon. These findings are in accordance 
with those observed by Rotnes & Kreyberg (1932). 

The author’s view is that little permanent damage is done 
to tissues as a result of exposure to degrees of cold Iks than 
that necessary to cause solidification, but that considerable 
damage may result from the events which occur during warm- 
ing In true frostbite, the tissues undoubtedly suffer damage 
from the direct effects of cold. The exact nature of the 
pathological changes which occur is imperfectly understood. 
From the point of view of treatment it is obviously desirable 
to have a clear picture of the changes which take place in the 
blood vessels of an extremity exposed to severe cold. 
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Committee on the Care of Shipwrecked Personnel. The 
task of the Committee was to examine conditions of exposure 
after shipwreck, with special reference to water requirements, 
extremes of temperature, food requirements and stimulants. 

The Committee’s recommendations are embodied in this 
Memorandum, which is written in simple language and is 
full of practical and authoritative information. Under 
“ Lifeboat ailments,” the essential features of frostbite and 
immersion foot and their prevention are summarized. The 
treatment of these conditions is outlined under “ Treatment 
after rescue.” Although this Memorandum is noted here 
because of its references to the effects of exposure to low tem- 
peratures, these references are only a small part of the subject 
matter. 
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PREVENTION AND TREATMENT OF IMMERSION 

FOOT AND OF FROSTBITE 

Ministry of War Transport, Notice No. M. 226, London 

The following is the text of instructions in a leaflet issued to 
British mariners. It is recommended that all officers and 
men should read them carefully, and that copies should be 
kept in lifeboats. 

Immersion Foot 

When the feet or legs are immersed for many hours in water 
(fresh water, salt water or liquid mud), at low temperatures (tem- 
peratures measuring 15° C. (59° F.) or lower) the skin and under- 
lying tissues very gradually suffer damage, which is the greater the 
colder the water and the longer the immersion. Sea water suffl- 
ciently cold to injure is usual in the Atlantic (winter and summer) 
from latitude 50° northwards. 

Signs. Immersion in water cold enough to damage is painful, 
but this pain is not usually severe and soon lessens. In half an 
hour the immersed part of the limb is red and numb and power in 
it is reduced. This numbness and weakness get worse, and in 
3 hours the limb is a little swollen. The swelling increases with 
time, especially if the limb is hanging down. All these early signs 
of damage quickly disappear if immersion ends and the limb can 
be warmed (warming must be very gradual— see “ Treatment ” 
below). Signs of damage are more persistent and more serious 
after immersion has lasted for several days ; in such cases blisters 
or dark patches may appear on the skin and the skin may become 
broken. Only after long exposure in very cold water is recovery 
incomplete. 

Prevention. Make all efforts to avoid those discomforts and 
disabilities which may lead to the risk of more permanent damage. 
The damage comes out of coldness, and the chief source of coldness 
in boats is cold water. Avoid contact with water as far as you 
can. Keep your feet out of water by keeping the bottom of the 
boat as dry as possible or by raising the feet. Even if you arc 
wearing sea-boots the less water touches these boots the better; 
cold from the water will come through them. If your socks have 
become wet, wring them out, empty your boots and put them on 
again quickly ; if you carry dry socks put these on rather than the 
damp ones. Try frequently moving your feet and toes. Unless 
the sun is out do not bare your feet to rub them ; the exposure to 
the air will cool your feet more than the rubbing will warm them. 
If you rub them do it very gently. Rubbing the skin when it has 
become swollen, numb or tender, will do more harm than good. 
Greasing the feet is not much use. Keeping the upper parts of 
the body dry and warm is extremely important, because it also 
helps to keep the limbs warm. It is better to keep damp or wet 
clothes on the body under water-proof covering than to strip and 
wring out the clothes in a cold wind. Do not wear tight garters, 
boots or any tight clothing on the legs. 

Treatment. Treatment will begin at once after rescue from boat 
or raft. Lift the patient on board ; remove all clothes from .the 
body, and wrap the body in warm blankets. Hot bottles may be 
placed against the body between the blankets, but none should be 
allowed to come near the affected limbs. These limbs should be 
handled only very gently and protected from the weight of bed 
clothes ; and they should be kept cool, if necessary by exposure 
to the air ; heating them in any way is harmful. The patient should 
be kept in bed with feet raised on pillows and cool until all swelling 
has gone, and subsequently until he is able to walk without pain, 
or until he comes under medical supervision. Blisters, open sores 
or darkened areas of skin should be dusted with sulphanilamide 
powder and kept covered by clean dry clothes, which are to.be 
removed gently and renewed if they become stained ; the part 
should be kept quite dry and no lotions, ointments or antiseptic 
except the powder above recommended applied. 

Frostbite 

True frostbite is a condition in which the skin and sometimes 
deeper tissue becomes actually frozen. The damage is not caused 


directly by cold, but by minute crystals of ice which form within 
the skin. Frostbite only occurs on land when the ground is hard 
frozen, or covered with dry snow or ice. At sea it occurs very 
rarely unless the sea water is freezing. Frostbite is almost unknown 
unless the temperature of the air is as low as — 10° C. (14° F.) and 
is very frequent only if the temperature is much lower (- 25° to 
-- 30° C. or — 13° to — 22° F.). Wind encourages and sunlight 
discourages frostbite at a given temperature. 

Frostbite affects uncovered parts of the skin ; fingers, ears and 
nose when exposed are most prone to freeze and in this order. It 
affects parts that come in contact with very cold substances^he 
feet with ice or frozen ground, the fingers or mouth with cold metal. 

Signs. _ When skin freezes it usually becomes pale, the colour 
is yellowish-white, it looks unusually opaque, it becomes of wooden 
hardness •, this hardness is the only completely reliable and in- 
variable sign of freezing. 'The patch of skin so affected is usually 
clearly marked off from the rest, both to sight and touch. The 
freezing usually happens in skin that is already tingling or numb 
with cold. The actual freezing occurs quite suddenly, sometimes 
after a sudden abrupt stinging pain or local pricking ; it is also 
very apt to pass unnoticed. The frozen patch will enlarge if 
untreated, but the subject will not feel this. Skin once frozen 
remains quite unchanged until it thaws ; it will then react by a 
more or less violent inflammation, according to the extent and 
hardness of the freezing. 

Reaction. Directly after thawing the skin becomes bright red 
and hot. A short freeze is followed by itching and whealing of 
the skin, which disappears within a few hours ; a severe freeze 
causes death of the skin which comes away after blackening and 
leaves a hole (or ulcer) in the skin ; a very severe and extensive 
freeze will cause the death and consequent gangrene of the end of 
the limb affected (usually the toes). 

Prevention. Frostbite is avoided by keeping warm. In intense 
cold the clothing should be windproof and abundant ; thick gloves 
and car protectors should be worn. Food should be abundant, fat 
and hot. The man should be in constant movement when out of 
doors ; the feet especially should never be still for long. The socks 
should be thick and always dry. Cramped positions should be 
avoided. There should be no tight clothing on the limbs. Metals 
should not be touched with bare skin or with the mouth. 

The feet and all exposed skin should be kept greasy, by gently 
smearing the parts with oil (as supplied in ships making Arctic 
voyages and in all life-boats and emergency life-rafts) or vaseline 
and by refraining from washing frequently. 

Beard and moustache should be clipped short or shaved away ; 
icicles will form on untrimmed beard from the moisture of the 
breath. When passing water the penis should be shielded from 
wind and afterwards carefully dried. 

Men out of doors together should watch each others’ faces for 
the first appearance of patches of frost ; early freezing can be de- 
lected by the man himself by wrinkling the face to find areas of 
stiffness. Any frozen area should be thawed at once by placing 
a bare warm hand on it. 

Treatment. Small frozen areas may be thawed rapidly by 
covering them with a warm hand ; they require no subsequent 
treatment. 

Larger and more severe freezes, as when a whole foot is involved, 
should be thawed by placing the limb inside a companion’s clothes. 
Rubbing with snow is dangerous. If it is possible, the part should 
be thawed by immersing it in tepid or cooler water. On thawing, 
the skin will at once soften and will quickly become pink or red. If 
pain is severe on thawing, cool the part a little with water, or by short 
contacts with snow. It is important that after thawing warming 
up should be very gradual ; application to the affected part of hot 
water or bottles or exposure before fire is dangerous. 

Keep the part subsequently at absolute rest, the body well fed 
and warm, but the damaged part relatively cool. Put a light clean 
dressing, such as a wound dressing, over the damaged part and 
bandage very lightly ; the object is as much to protect the part as 
to keep it clean. If there are any blisters or broken skin powder 
them wth sulphanilamide powder before applying the dressing. 
Blisters should not be opened unless a pair of perfectly cl^n scissors 
is available, which should preferably be dipped in boiling water 
before use. 

It is to be noted that in frostbite the amount of dead skin and 
tissue that eventually separates away is generally much less than 
at first might seem possible. 


Treatment by Low Temperature 
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COLD IN THE TREATMENT OF DAMAGE DUE 
TO COLD 


1. Greene, Lancet, 2, 695-697, 12/12/42 

author of this paper, who is at present a. physician jn 

emergency Medical Service, has gained a special expenen 


of his subject in the course of expeditions to Mount Everest 
in which he has participated. 

In true frostbite no treatment can save the affected tissue, 
the death of which is inevitable owing to blockage of the 
vessels by corpuscles left stranded therein by excessive tran- 
sudation. On the other hand, in the state of physiological 
reaction in which tissues arc responding normally to. damage 
by cold, treatment is uimeccssary. Frequently, however, 
as in immersion foot and trench foot, the tissues are merely 
chilled, in which state they are endangered by congestion 
resulting from a lesser degree of transudation than in true 
frost bite. 

It is traditional that warmth greater than that of the human 
body is harmful in the treatment of the state of chilling. 
Smith, Ritchie & Dawson (1915) showed that, when damage 
by cold has occurred, rvater at only 37° C. causes rapid oedema 
or a rapid increase in oedema already present, an observation 
confirmed by Lewis & Love (1926). A prerdous investigation 
(1941) on mice by the present author demonstrated that frost- 
bitten parts must be kept cool. Lake (1917) has shown that 
the survival rate of tissue-cultures is greatest between — 5° C. 
and -f 5°C, while Lambert (1913) found that embryonic chick 
tissues survived best at -1- 5° C. Allen (1939) has shown that 
tissue necrosis after ligation of a limb is increased by heat 
and diminished by cold. In the author’s opinion, all these 
&dings lead to the conclusion that the frostbitten or chilled 
limb should be kept at a temperature just above freezing 
point, and he has accordingly designed a portable refrigerator 
(the Greene-Stmpson Frostbite Cabinet), with the aim of 
testing the practical truth of this theory in the treatment of 
conditions such as immersion foot. 

The cabinet consists of an upper and lower compartment. 
In the upper compartment is a metal tray in which two blocks 
of solid carbon dioxide (total weight 10-12 pounds) [about 
4-5 to 5-5 kg.] are placed, each block wrapFted in a separate 
canvas bag. The lower compartment opens in two sections, 
and has two padded apertures for the patient’s feet, which are 
placed in position with sufficient cotton wool or bandage 
round the ankles to fill up the padded entrance holes when the 
cabinet front is replaced. If the cabinet is required for one 
limb only, the other hole must be completely plugged with 
cotton wool or bandage to prevent leakage of air. This 
lower compartment also contains a thermometer which 
registers on a dial at the back of the cabinet. Air circulates 
through two flues between the compartments. These flues 
are controlled by knobs at the back, by the manipulation of 
wmchthe desired temperature can be maintained. When the 
refrigerant has evaporated to 2-3 pounds [about 1 to 1 • 5 kg.] 
iK removed from the bags and placed directly in the metal 

^y. The cabinet requires 8-10 pounds of refrigerant every 
24 hours. 

author h^ not had the opportunity of fully testing 
, ® ®®*^cy of this method of treatment, but suggests that, in 
e first instanre, experiments should be controlled by treating 
0 y one limb in patients who are bilaterally afifiicted. 
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JT^TMENT of immersion foot by dry 
COOLING 

ty C. C. Ungley, Lancet, 1, 681-682, 29/5/43 

® PrevioiK report (Ungley & Blackwood, 1942), in 
had th 'Condition was described in detail, the author has 
the methods of dry cooling in 

R of “ immersion foot ” in 2 men, A and 

a' aup° * hours on a raft in the North Sea. In case 

aRp. made to relieve pain on the 15th day 

refrigerat •°^'; 0 °hng the feet by means of a therapeutic 
descriKp/i^i! refrigerator was constructed on the lines 
of mefij J Greene (1942), but made from wood instead 
supDlv sp^ally insulated. In spite of a good 

flues ihp upper chamber and wide open 

emperature in the lowar chamber of the refrigerator 


varied in accordance with fluctuations in room temperature, 
and the patient’s left great toe, which had been cooled from 
30° C. to 24° C. during the first 75 minutes, had warmed by 
the next morning to 25-5° C. and ultimately to 27-5° C. 
Pains were less frequent and less severe than on the previous 
night, but the patient experienced considerable discomfort 
through being unable to move his legs. For this reason it 
was decided that, although efficient cooling could doubtless 
be maintained by such a cooling cabinet if its walls were 
suitably insulated, cooling of the feet should now be attempted 
by means of an electric fan. 

The patient was transferred on the 16th day to a cabin with 
a temperature of 16° C., and covered with blankets except for 
his feet. Exposed thus for an hour, the feet remained hot 
(great toes 31°-32° C.), pains were severe, and the feet often 
twitched. An electric fan at full speed 12 inches [about 
30 cm.] from the soles cooled the toes in 2 minutes to 23 -7° C., 
and in 80 minutes to 18-6° C. and 20° C. During the next 
3 hours, with the fan at reduced speed and at a greater 
distance, the temperature of the great toes was maintained 
in the region of 17° C. and the dorsum of the feet at 22°- 
25° C. Pain and tingling ceased within 5 minutes of starting 
the fan, and returned whenever the fan was turned oflT and 
the feet became warm again. Cooling below 21° C. was 
liable to cause considerable discomfort and eSbrts were 
subsequently made to adjust the speed and distance of the 
fan so that the temperature of the feet was not reduced below 


23° C. 

In case B, during exposure of the unclothed body on the 
13th day after rescue to a room temperature of 18° C. for 
80 minutes, the left foot cooled satisfactorily, while the right 
remained hot (great toe 30 • 5° C.). The cold left foot showed 
a normal vasodilator response when heat was applied to the 
trunk. Aching and stabbing pains on the nights of the 14th 
and 15th days, chiefly in the right foot, were promptly re- 
lieved on the 16th day by cooling the right foot with a fan. 
From the 18th to the 23rd day the left foot cooled normally 
during exposure of the unclothed body to a room temperature 
of 17-l°-17-8° C. .The right foot, however, cooled only 
under the influence of the fan, but did not immediately warm 
up again when the fan was switched off, which suggests that 
the skin vessels of this foot were beginning to regain tone. 
By the 27th day both feet cooled normally on exposure. 

These observations confirm the findings of Webster, 
Woolhouse & Johnston (1942) that cooling the hot limbs 
relieves pain and tingling. In severe cases, however, Webster 
and his colleagues found that premature removal of ice-bags 
was followed by marked increase of cedema, extravasation 
of blood and spread of gangrene, clearly indicating the 
necessity, in such cases, for continuous cooling. In the 
present author’s cases treatment was not begun until cedema 
had subsided, no exudation or necrosis followed interruption 
of cooling, and return to high skin temperatures was not 
necessarily associated with immediate return of pains and 
tingling. In such circumstances intermittent fan treatment 
in addition to exposure of the uncovered feet to room 
temperature would be used. Greene’s refrigerator might, it 
is suggested, prove useful for severe cases requinng long 
uninterrupted cooling, and not intolerant to restnction of 


TTie author concludes that the mode of action of drj- cooling 
auires further investigation, and points out that it has vet 
be determined whether long coolmg will influence the rate 
r,r tFip rwrinheral nerve lesions. 


R. (1942) La/icel. 2, 695 
C. C. & Blackwood, W. (1942) ^ncet, 2, .^7 
er, D. R., Woolhouse, F. M. & Johnston, J. L. ( 
le Jt. Surg. 24, 785 


USES FOR DRY COLD THER-^Y, AND A PRO- 
) COOLING CABINET 

3. Bigelow & E. C. G. Lanyon, British Me..tealJcurr-. , 
217, 12/2/44 

Iiors discuss the value of cold as theraf^m^ 
cribe a form of cooUng cabinet which ma> be t^d re. 
lication. The cooling sv-stem 

- i,v. rr.ld brine circulatmg through co.ls la i- 
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wall. The brine is cooled in a separate refrigerating machine 
and pumped to the cabinet. Several cabinets may be supplied 
from the one refrigerator, and it is claimed that the whole 
unit can be made in a mobile form suitable for the needs of 
an army in the field. The authors consider that in military 
surgery cold therapy may be of value in four sets of condi- 
tions : 

i. Frostbite and immersion foot. Cooling of the extremities 
in the immediate post-exposure period is advised. Over a 
period of days the temperature of the cabinet is then gradually 
raised towards room temperature. The rationale of this 
treatment is the maintenance of a balance between local 
metabolism and the available blood supply. 

ii. Wounds of extremities with impaired blood supply. The 
rationale of cold therapy is as above. Cold may also relieve 
pain and inhibit bacterial infection. Very low temperatures 
need not be used, and any tendency to vasospasm in the cooled 
limbs may be overcome by reflex vasodilatation, sympathetic 
block or vasodilator drugs. 

iii. Traumatic arterial spasm. Refrigeration of the affected 
limb may be used as an adjunct to operative treatment 
(exposure of the affected vessel \vith or without arteriectomy), 
or as a form of conservative treatment to tide the limb over 
the critical period before a collateral circulation develops. 

iv. Peripheral embolism. Cooling reduces tissue meta- 
bolism and allows the tissues to survive until the associated 
vasospasm is released and a collateral circulation is estab- 
lished. 


Nervous Control of Peripheral 
Circulation 

408 

THE MECHANISM OF THE VASOMOTOR REFLEXES 
PRODUCED BY STIMULATING MAMMALIAN SEN- 
SORY NERVES 

py G. Gordon, Journal of Physiology, 102, 95-107, June 1943 

Stimulation of the cut central end of mixed nerves may pro- 
iuce a rise or a fall in general blood pressure according to the 
:haracteristics of the excitation. The author examined this 
phenomenon in decerebrate or anassthetised cats, employing 
in electrical stimulus which could be quantitatively graded 
with respect to intensity, duration, and frequency of repetition. 
Full details of technique and results are given. 

Using a stimulus (condenser discharge) with time-constant 
of one millisecond and frequency of three per second, the 
sign of the vasomotor response depends on the amplitude 
of the stimulus; peak amplitudes below 12 volts produce 
a blood-pressure fall, and amplitudes of the order of 28 volts 
produce a rise of blood pressure under the same conditions. 

When the shock-duration is reduced to 0-1 millisecond, 
no pressor effect can be obtained even at 80 volts amplitude 
with frequencies below 100 per second. 

There is, however, a tendency to produce pressor effects 
with frequencies of over 100 per second with shock con- 
figurations which at lower frequencies produce depressor 
reflexes only. 

With certain stimulus-durations, therefore, either increase 
of amplitude or of frequency is found to reverse the vaso- 
motor response, and the higher intensity or frequency is 
required fbr the pressor activity. The observations are 
altered in magnitude of response only, and not in kind, by 
section of the vagus or destruction of the nervous connections 
of the carotid sinus. 

The author examined the peripheral mechanism of this 
differential sensitivity of the afferent side of the reflex by 
blocking the nerve proximal to the cut end with cocaine, cold, 
and asphyxia in turn. 

He found that suitable doses of cocaine, which is known to 
act first upon the smallest fibres in a mixed nerve, abolish 
the pressor reflex while leaving the depressor activity ; when 
asphyxia by arterial occlusion is applied to the preparation, 
the depressor reflex is abolished first, and may leave the 
pressure-raising action enhanced ; asphyxia has been shoNvn 
to act primarily upon the large diameter fibres. The effect 
of cold is similar to that of asphyxia. 


The author concludes that the reflexes are mediated by 
different sets of afferent fibres, and that the pressor reflex 
with the characteristics of relative inexcitabiUty to stimulation 
and ready inactivation by cocaine may be initiated through 
the C group of fibres. * 

The author comments briefly on the possible importance 
of this differential vasomotor activity in connection with 
primary and secondary shock. 
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NOTE ON THE SPINAL ORIGIN OF VASOCON- 
STRICTOR FIBRES TO THE ARM IN MAN 
by J. R. Learmonth & R. L. Richards, Quarterly Journal of 
Experimental Physiology, 32, 87-88, May 1943 

In this brief communication’ the authors report, from the 
Department of Surgery of Edinburgh University, observa- 
tions made on the vasomotor responses of the ri^t hand of 
a male patient aged 19, in whom the anterior nerve roots on 
the right side were divided from the fifth cervical to the 
second thoracic segments inclusive. This operation was 
performed on 12/10/42 for the relief of gross athetosis of the 
right arm and shoulder due to a spastic right hemiplegia 
dating from birth. 

“ After operation the forequarter was completely paralysed 
with the possible exception of the rhomboids. It was not 
easy to be sure of this, because the shoulder girdle was still 
moved involuntarily, but much less violently, by the trape- 
zius. Sensation was unimpaired save for some hyptesthesia 
in the second thoracic segment. 

Vasomotor responses. On 25th November 1942 the patient 
was placed in a cool room. Thermocouples were attached 
to the left middle finger (control), and to the right little finger, 
right middle finger, and right thumb, and readings of skin 
temperature were taken at intervals of 3 minutes. At 23 
minutes the feet and legs were immersed in water at 45° C. 
At 39 minutes the skin temperatures of the fingers began to 
rise, the rate of rise being nearly the same on both sides ; the 
temperatures reached were somewhat higher on the left side. 
At 60 minutes the following temperatures were recorded on 
the right (paralysed) side: thumb 32° C., index 34° C., 
middle 34-5° C., ring 34° C., little 34° C. It was noted that 
the ulnar side of the right hand felt xvarmer than the radial 
side ; the thermocouples were transferred to the thenar and 
hypothenar eminences, and to the wrists. The clinical 
impression was confirmed by the following readings : 

Right Left 

Thenar eminence . . 23*5° C. 32° C. 

Hypothenar eminence . . 34° C. 34-5° C. 

Wrist .... 24-5° C. 31° C. 

The observations show that, in this patient, reflex vaso- 
motor response in an arm was normal, when the most cranial 
source of its preganglionic vasoconstrictor fibres was the third 
thoracic segment of the spinal cord.” 


410 

VASOMOTOR DISTURBANCES IN THE HAND AFTER 
INJURIES OF PERIPHERAL NERVES 
by R. L. Richards, Edinburgh Medical Journal, 50, 449-468, 
August 1943 

Cutaneous vasomotor disorders after injuries of peripheral 
nerves are in part due to the interruption of sympathetic vaso- 
motor fibres and in part due to disuse and therm-anssthesia 
as a result of division of motor and sensory fibres. Previous 
work has shown that all the eflects of nerve division can be 
attributed to interruption of motor, sensory and autonomic 
fibres, and that there is no need to postulate a separate set of 
fibres which exert a “trophic” influence on the skin and 
its appendages. Sympathetic vasomotor fibres to the limbs 
have a predominantly peripheral distribution, and in the 
upper limb most of these fibres are in the median and ulnar 
nerves. Vasomotor disturbances are therefore pronounced 

♦ [Erlanger, J. & Gasser, H. S. (Amer. J. Physiol. 1930, 92, 43) 
classify the fibres of somatic nerves as belonging to groups A, 
B and C, according to their conductivity and irritability as 
demonstrated by the study of action potentials. C fibres have the 
slowest conduction rate.] 
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after division of these nerves, but are slight after division of 
cutaneous nerves to the more proximal parts of the limb or 
the radial nerve. In ’^he present study, observations of vaso- 
motor activity were made by recording skin temperature with 
thermocouples attached to a sensitive galvanometer. Only 
cases of complete division of the main nerve trunks of the 
arms are considered. 

Immediately after nerve division there is a period of vaso- 
dilatation during which the denervated area of skin is hot, 
dry and flushed (the warm phase). This phase is attributed 
to the division of postganglionic vasoconstrictor neurons of 
the sympathetic system running in the peripheral nerves. 
The duration of tMs phase is variable, but is usually of the 
order of 21 days. It is succeeded by a phase in which the 
temperature of the denervated area is dependent upon that 
of its environment. Since the latter is usually low, this 
second phase may be referred to as the cold phase, and is 
permanent unless the divided nerve be repaired. The change 
from warm phase to cold phase is gradual and the factors re- 
sponsible for the change are as yet imperfectly understood. It 
is believed that (a) sensitisation of denervated cutaneous blood 
vessels to circulating adrenalin, (6) degeneration of sensory 
fibres responsible for the local “ axon reflex ” (which according 
to Sir Thomas Lewis is so important in maint ainin g the tem- 
perature and nutrition of the normal digit), and (c) a lowered 
local metabolism in the denervated area are all important 
factors, but probably do not contain the full explanation of 
the later changes. The possibility that changes take place 
in the blood vessels, and particularly the arteriovenous 
anastomoses, cannot be excluded. 

In addition to studying the resting vasomotor state of de- 
nervated areas, the author made observations on reflex vaso- 
motor activity. He discusses the physiology of the vaso- 
dilatation and vasoconstriction which occur in the contra- 
lateral limbs when the legs or arms are warmed or cooled, 
and postulates that the afierent pathway for the reflex may 
be either through nervous channels or by the action of warmed 
blood upon a central thermo-sensitive vasomotor centre. 
On the efierent side the precise nature of the peripheral 
mechanism responsible for the rapid vasodilatation which 
takes place in a normal limb is not certain. Release of 
normal vasoconstrictor tone tvith opening of arteriovenous 
anastomoses is partly responsible, but it is suggested that the 
response may be initiated through vasodilator fibres. 

In a limb which is the site of a peripheral nerve lesion, it is 
found that denervated digits show a profound disturbance 
of reflex vasomotor activity whether they are in the early 
warm phase or the later cold phase. A completely de- 
nervated digit will f^ to show any response. A digit which 
is partly denervated (e.g. the ring finger in most lesions of 
the ulnar nerve) may show an almost normal response. The 
responses are rarely clearly defined, and no two lesions of the 
same nerve tvill give identical results. It is often found that, 
.a denervated digit which is adjacent to a normally innervated 
area (e.g. the middle finger in most lesions of the median 
nerve) may show a delayed and gradual rise in temperature. 
This is probably not due to true reflex vasomotor activity, 
but is an indirect result of the vasodilatation in the adjacent 
normal area. This raises local metabolism ; vasodilator 
metabolites are produced, and, as the initial blood flow of 
the denervated digit is low, metabolites accumulate and are 
destroyed or removed slowly, thus causing delayed and 
gradual vasomotor responses. It is unlikely also that the 
nerve supply of deeper blood vessels corresponds to cu- 
taneous sensory territories, and dilatation of these will result 
in a greater blood flow to digits adjacent to areas with normal 
innervation. 
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reflex VASODILATATION IN SURGERY 

by J. R. Learmonth, Edinburgh Medical Journal, SO, 140-154, 

March 1943 

The author of this paper, who is Professor of Surgery at 
Edinburgh University, points out that the amount of blood 
reaching the part is an important factor in the management 
of many surgical conditions. 

The rate of flow of blood through a limb may be varied in 
accordance with (o) the general needs of the body, and (6) the 
local acihity of the tissues. VTien one limb is heated by 


immersion in hot water, or by a hot air bath, heatis^absorbed 
by the blood in the heated limb. Because of the local high 
temperature the metabolic rate of the tissues increases, thus 
further heating the blood through the limb. In order to 
maintain an even body temperature this extra heat has to be 
dissipated. This is effected by reflex vasodilatation of the 
vessels in the unheated part of the body, thus increasing the 
rate of blood flow in the unheated area. 

The value of a method which can ensure a maximal blood 
supply in surgical conditions afiecting the extremities needs 
no emphasis. These conditions fall naturally into 2 groups : 

(i) Infected wounds: There is an obvious need for a 
maximal blood supply to promote rapid healing, to 
combat infection already present, and to prevent the 
spread of subsequent infection. 

(ii) Conditions in which the arterial channels are constricted 
or obstructed because of local vascular disease or dys- 
function : The need here is to ensure a blood supply 
adequate for the needs of the tissues, and thus to prevent 
tissue death. 

There are two methods of using heat to increase blood 
supply : (fl) local heating, and (6) reflex vasodilatation. In 
the first group of conditions, local heating can be used with 
impunity when the blood supply to the part is unimpaired. 
The local vasodilatation and the increased metabolic rate of 
the heated tissues induce a great increase in blood flow, 
because the arterial tree can dilate easily. In the second 
group of conditions, when the arterial tree is the seat of 
disease — e.g. arteriosclerosis — and the state of nutrition of 
the part is already precarious, local heating does not produce 
an increase in blood flow. As the local heating causes tissue 
metaboh'sm to increase, the final state is worse because the 
tissues now become relatively ischemic and local tissue death 
is brought nearer. 

When reflex dilatation is used as a means of increasing 
blood supply in a diseased limb, there is no great increase 
in the tissue metabolism in the affected limb but the vessels 
will dilate to their maximum possible calibre. Local cooling 
of the affected limb is to be avoided (to prevent vasoconstric- 
tion) and equally the limb must not be allowed to create for 
itself a hot environment. If this were to occur, it would be 
equivalent to direct heating of the part. Frequent wiping 
to remove sweat, and the absence of dressings, help to con- 
serve heat without overheating. 

The method of reflex dilatation has been used with success 
in opening up collateral channels in cases of local injury to a 
main vessel (section, contusion, or spasm) or of thrombosis 
or embolism. In the sclerotic conditions of arteries the 
method can be employed with a measure of success which is 
dependent on the degree of sclerosis. It can often improve 
the blood flow sufficiently to avert or limit the extent of 
gangrene. 

The condition of the nerves to the affected limb is of major 
importance. The final distribution of the vasoconstrictor 
nerves corresponds closely to that of the cutaneous neives. 
Reflex vasodilatation cannot be effected in the area of supply 
of a divided peripheral nerve. Leriche (1939) has shown that 
a local lesion of a main artery (contusion or spasm) may 
impose a reflex vasoconstriction of its branches. Removal 
of the local lesion by excision is followed by an effective 
response to heating of a distant extremity. This effect is due 
to the interruption of the efferent vasoconstrictor nerve fibres 
when the artery is resected. Absence of response to reflex 
vasodilatation, in cases of wounding to an extremity in young 
indiWduals, justifies exploration of the wound to determine 
the state of the main vessel and, if this is found to be 
contused, excision of the affected segment. 

The conditions in which reflex vasodilatation is of practical 
value are : 

(1) In organic vascular disease in which gangrene threatens, 
and in patients who have had a limited remosal of 
gangrenous tissue. 

(2) In embolism of a main artery to secure, after initial 
spasm of the main vessel has disappeared, that colla- 
teral circulation will be ma.ximal. 

(3) After ligation for aneurysm to compensate for tc.m- 
porary circulatory' dcficrency. In the cxirc.'nit;», 
sympathectomy should precede operations on the 
aneurysm. 
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(4) In infective conditions of the hand or foot, after 
drainage has been established and fever is absent, to 
secure an extra blood supply for better heating and 
function. 

(5) In ulcers of the extremities. 

(6) After, skin grafting, to increase the percentage of 
successful grafts. 

(7) After tendon repair in hand wounds. 

The response to the treatment may vary widely from patient 
to patient, but reflex vasodilatation in the above conditions 
will in some save life and in others a limb. 

Reference 

Leriche, R. (1939) The surgery of pain, London 
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SYMPATHECTOMY IN TREATMENT OF THE CRYO- 
PATHIES 

by E. D. Telford, British Medical Journal, 2, 360, 18/9/43 

The author states that in 5 cases he has treated the late results 
of injury from cold by preganglionic sympathectomy. Four 
of these had suffered from frostbite ; one from immersion 
foot. In one case of frostbite, the patient was unable to 
work after 18 months because of chronic painful ulceration 
in the hands associated with Raynaud’s phenomenon. After 
bilateral preganglionic section of the cervico-dorsal chain, the 
ulcers healed and the attacks of vasospasm were much reduced 
in frequency and severity. This patient has remained well. 
In another case, 8 months after suffering from immersion foot 
the patient was unable to walk and complained of constant 
burning pain in the feet, which were tender and sweated 
excessively. The toes had been partly shed and the stumps 
were ulcerated. After bilateral lumbar cord ganglioncctomy 
the pain was immediately relieved and the ulcers healed 
rapidly. 

In the lower limb, Telford prefers spinal anesthesia as the 
pre-operative test in order to determine the possibility of 
, vasodilatation, and states that if in such cases it produces 
r:;p. rise of 1° C., sympathectomy is justified. In the upper limb 
when all the fingers are affected he employs nerve block of 
the ulnar nerve at the elbow. 
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LOCALISED ARTERIAL THROMBOSIS OF INDETER- 
MINATE ORIGIN 

by J. R. Learmonth, W. Blackwood & R. L. Richards, 
Edinburgh Medical Journal, 51 , 1-20, January 1944 
In this paper are described 4 cases of localised arterial throm- 
bosis occurring in the limbs of otherwise healthy young 
adults. In one the brachial was the artery affected, in the other 
3 the femoral. Trauma is considered to be the most likely 
precipitating factor, although in only one case was there a 
definite history of injury, and that at a site distant from the 
thrombosis ; in the other 3 cases it is possible that an injury 
passed unnoticed. 

The cases presented the cardinal features of ischa;mia, 
still not readily enough recognised. Pain was a complaint 
of all 4, and a prominent feature of the brachial artery case 
in whom it was severe in the wrist and hand, and ultimately 
relieved only by morphia ^ it had been present for a year 
before nutritional lesions appeared. When the lower limbs 
were affected, the pain of intermittent claudication was ex- 
perienced, and also distant pain in the peripheral territory 
of the blocked vessel, aggravated by exercise and felt severely 
at night Other subjective symptoms were panesthesite and 
a sensation of coldness of the extremity affected Nutn- 
tional lesions (gangrene of an index finger and a perforating 
ulcer on the sole of the foot) had occurred in 2 cases before 
they came under observation ; m the other 2, claudication 
and weakness of the affected limb were the presenting 

symptoms. 


Diagnosis is dependent on clinical examination of the lir 
the response to reflex vasodilatation, and arteriograp 
Clinical examination must include palpation of the periphe 
pulses ; in all cases these were absent distal to the site of 
thrombosis, despite the presence of a good collateral circi 
tion as demonstrated by arteriography. When the tn 
or indifferent limbs are heated, the affected limb shows eit 
complete absence or considerable limitation of reflex va 
dilatation, compared with a normal response in the coi 
sponding unaffected extremity. This is stated to be the re: 
of (i) reduction of the available channels by which the rest 
blood flow of the extremity might be augmented, and 
vasoconstriction of collateral channels. The latter possibi 
is suggested because in 2 cases the amount of the vasodik 
tion obtained in the affected extremity by reflex measures i 
appreciably less than that subsequently obtained by j: 
ganglionic sympathectomy. Arteriography under spi 
anesthesia was performed on the cases in which the feme 
artery was affected. It is of great value in determining 
exact situation and extent of the thrombus and the state 
the collateral circulation. Arteriograms demonstrate t 
in 2 cases there is a “ filling defect ” in the artery eit 
beginning or ending abruptly. In the third case this cleo 
defined termination is not seen, but in this the arteriogr 
was made 2 years after preganglionic sympathectomy. 

Pathological material was obtained in 2 cases (1 brad 
and 1 femoral). The lumina of the affected vessels w 
found to be filled with well-organised and partly recanali; 
thrombus. The arterial walls showed damage chiefly to 
intima, splitting of the internal elastic lamina, and slight fo 
damage in the media. The authors state that the dam; 
to the clastica and media excluded thrombo-angiitis oblitcra 
and that the causative process was probably trauma. In 
case where the brachial artery was thrombosed, there v 
marked crenation of the intima of the digital arteries, si 
gesting long-standing vasospasm. 

The condition is differentiated from other forms of arter 
by the age and general good health of the patient and i 
fact that the abnormality is confined to one limb without a 
evidence of involvement of the vessels of the others. In 
cases the Wassermann and Kahn reactions were negative. 

Treatment consists of preganglionic sympathectomy and, 
arteriectomy. One case remains relatively well 2 years af 
treatment by preganglionic sympathectomy alone. Arte 
ectomy may be called for under two sets of circumstana 
(i) when there is evidence that the thrombosed segment 
artery is reducing the available circulation by imposing spai 
on collaterals, and (ii) when it appears likely that the thromt 
may extend to block important and still patent collatera 
Preganglionic sympathectomy may be sufficient to deal w; 
the former, the latter possibility can be determined only 
arteriography, which may also demonstrate that arteriector 
would be difficult, if not impossible, without the sacrifice 
a branch which is contributing substantially to the collatei 
circulation. Arteriectomy alone is insufficient ; the patic 
so treated returned later having lost other fingers, and requir 
preganglionic sympathectomy. 
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A PATHOLOGIST LOOKS AT ISCH/EMIA 

by W. Blackwood, Edinburgh Medical Journal, 51, 131-14 

March 1944 

This is a short review of the common causes of ischaemia 
the limbs, of the effects of this ischaimia and of the facto 
modifying these effects. Certain aspects are amplified I 
clinical descriptions, and appropriate histological materi 
is illustrated by photographs. The causes of ischaimia a 
divided into those primarily due to (i) structural abnorma 
ties, i.e. chronic arterial disease, thrombo-angiitis obliterar 
traumatic arteritis, embolism and thrombosis ; and tho 
primarily due to (ii) functional abnormalities, i.e. the al 
normal response of Raynaud’s disease. The effects i 
ischaemia upon appearance and function are considered i 
relation to the pulse, skin temperature and colour, muse 
power and nerve function ; and the general structural changi 
and those in muscle and nerve are described. 

Three cases are cited in which muscle biopsy was used I 
establish the diagnosis. One was a boy with a denervate 
ischaimic upper limb ; the problem was whether the disti 
muscles were sufficiently alive for nerve suture to be wort 
while. The second was a case of persisting nerve and musci 
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dysfunction following dislocation of the shoulder ; the prob- 
lem tvas whether this was due to nerve injury or to ischaemia. 
The third was a case of post-traumatic swelling of debatable 
ori^ in the thigh muscles, which was shown to be necrotic 
muscle. The second plate of illustrations is arranged so that 
the reader can readily distinguish the points of histolo^cal 
difference between denervated and severely ischaemic muscle. 

The last section deals with the factors modifying the effects 
of ischsmia, i.e. the available blood supply, the metabolic 
demands of the tissues, the rate at which ischemia develops 
and the duration of the ischaemia. The paper ends with a 
plea for the investigation of vascular problems by members 
of various departments working as a team. 
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VOLKMANN’S ISCIMEMIC CONTRACTURE 

by D. L. Griffiths, British Journal of Surgery, 28, 239-260, 

October 1940 . 

This comprehensive and authoritative paper is the text of a 
Hunterian Lecture delivered to the Royal College of Surgeons 
of England. Volkmann first reported in 1872 the rapid post- 
traumatic muscle contracture which subsequently became 
identified with his name. The condition is extremely rare, 
and the author shows that it developed in only 8 of 21,000 
fracture cases receiving primary treatment in clinics directed 
by Professor Harry Platt of Manchester. 

In a series of 32 cases encountered by the present author, 
the antecedent lesions were of the elbow (15), forearm (12), 
wrist (1), whole upper limh (1). The remaining 3 cases 
followed embolism of the brachial (1) and common femoral 
(2) arteries. The author briefly reviews the clinical features 
of the condition, emphasising the importance of cyanosis and 
swelling of the fingers as an early, though not invariable, sign. 
In severe cases absence of the radial pulse is probably a con- 
stant sign in the first 3-4 days. The author’s description of 
the macroscopic and microscopic appearances of the aSected 
muscle is illustrated by photographs and is consistent with 
previous accounts. Diagnosis in typical and established cases 
is easy, but in some cases there may be difficulty in distinguish- 
ing the condition from certain nerve palsies or muscle con- 
tractures after infected wounds. 

The author reviews the literature on the pathogenesis of 
ffie condition, and discusses external compression, nerve 
injury, venous obstruction, arterial injury and embolism, the 
mechanism of the ischremia, and the experimental production 
of a similar condition in animals. In a series of experiments 
on a small number of rabbits, he was unable to produce the 
Volkmann syndrome by the prolonged application of tourni- 
quets to the hind limb (with or without ligature of the common 
femoral artery) or by ligature of the femoral artery with or 
without the vein (but without any tourm'quet), or by any. 
Mmbination of ligatures applied to any or all of the external 
iliac, the common femoral, superficial femoral, and popliteal 
arteries. If, however, the common femoral and common 
iliac arteries on the same side were tied simultaneously, thus 
obstructing both main vessels and collaterals, a Vo lkm ann 
type of contracture followed in 5 out of 10 rabbits. The 
remaimng 5 failed to survive this operation. 

On the basis of the clinical and experimental observations 
reported, the author concludes that Volkmann’s ischcemic 
contracture is due to arterial injury and to the accompanying 
spasm of the arterial circulation. He stresses the importance 
of early preventive treatment, which must take the form of 
operative relief of arterial obstruction. Treatment of estab- 
lished contracture is also briefly discussed. On the whole, 
the prognosis is poor. 

Reference 

VolkmaM, R. tod (1872) Handbuch der Chirurgie (Pitha-Billroth), 

2, 846 


TRAUMATIC ISCELEMIA IN THE FOREARM AND 
LEG 

by S. Stanford, Lancet, 1, 462-463, 8/4/44 

The author reports 2 cases of ischcemia following fractures. 
The first, a boy of 8, was admitted with a supracondylar 
fracture of the humerus. After an immediate reduction of 
the fracture, radiography showed redisplacement, and reduc- 
tion was again undertaken with direct x-ray control. Some 
hours later, there was a median nerve palsy and absence of 
the radial pulse. The antecubital fossa was explored and the 
brachial artery was found to be white, contracted, and non- 
pulsatile. Blood-clots and several small fragments of bone 
were angulating and compressing the artery from behind. 
These were removed, without immediate improvement. 
Procaine (1 %) was injected into the adventitia of the brachial, 
radial, and ulnar arteries and periarterial stripping of the 
lower 3 inches [about 7-6 cm.] of the brachial artery was 
performed. 

This was followed by immediate improvement, and there 
was ultimate good recovery, although biopsy of the forearm 
flexors 1 year later showed some muscular atrophy. The 
author suggests that the circulatory improvement at operation 
was “ due just as much to the mechanical release of the bony 
obstruction as to release of the arteriospasm by stripping.” * 

The second case was of a man with a severe comminuted 
fracture of the tibia and fibula. After manipulation and 
application of a plaster case, there was evidence of defective 
circulation and the plaster was split. Some months later 
there was considerable muscular atrophy and impairment of 
circulation. There were gross trophic changes of the toes. 
The dorsalis pedis artery was just palpable, but no pulsation 
could be felt in the posterior tibial artery. Biopsy of calf 
muscle 18 months after the accident showed evidence of 
severe atrophy of muscle. Blood vessels and nerves appeared 
normal. TTie author refers to 6 cases of anaesthesia and 
muscle degeneration described by Parkes (1943), who sug- 
gested that tight plasters had interfered with the vascular 
supply of the nerve trunks and described the condition as 
“ traumatic ischtemia of the nerve trunks.” The present 
author suggests that his second case was also of this type, and 
regards the histological finding of muscle atrophy but no 
infarction as confirming this view. 

Reference 

Parkes, A. (1943) Lancet, 2, 15 
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VOLKMANN’S ISCH/EMIA OF THE LEG 

by M. Albert & W. R. D. Mitchell, Lancet, 1, 519-522, 

24/4/43 

The authors describe 3 cases of injury to the lower extremity 
which they believe to have been followed by ischemia of the 
Volkmaim type of the muscles of the anterior tibial compart- 
ment. In 2 cases the injury had occurred in the war of 1914- 
1918, and there was in 1941 massive calcification in this 
region, as demonstrated radiologically and by surgical ex- 
ploration. In the 3rd case, the injury was more recent (1941), 
and three months after the accident the anterior tibial com- 
partment was occupied by a hard, painless swelling. This 
was found at operation to consist of dense fibrous tissue 
containing small blood vessels. 

The authors give reasons for regarding the changes seen as 
due to a vascular injury, and not to direct injury of the 
aSected muscles. They discuss in detail the theories which 
have been advanced by other writers in explanation of post- 
traumatic degeneration and subsequent calcification of muscle. 
They regard Volkmann’s ischsemia as due either to temporary 
arterial obstruction or to venous occlusion. It is suggested 
that evidence of calcification may be arailable in old cases 
of this condition in the upper Umb. 

• Icompare BMB 394] 
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AIDS TO TROPICAL NURSING 

by D. E. Cocker, London, BailU5rc, Tindall & Cox, 1944. 159 
pages ; 12 Dlustrations. 4s. [£0.2] 

This is one of several concise textbooks which have been designed 
to cover the field of knowledge required of the modem nurse. 
Nuping is the one branch of the medical services in the tropics 
which require development more than any other. It is essential 
that the training of such nurses should be undertaken by those who 
have had actual experience of tropical nursing. This book has 
been written by theSisterTutor of the Presidency General Hospital, 
Calcutta, and includes much more information on tropical diseases 
than/is found in the average medical nursing books. It contains 
th^following chapters : (i) keeping fit in the tropics— personal 
hy^ene, inoculations, food and drink ; (ii) climatic disorders — 
&are, heat exhaustion, heat stroke, sun stroke, prickly heat ; 
(iii) deficiency diseases of the tropics — beriberi, pellagra ; (iv) nurs- 
ing of tropical diseases ; (v) summary of communicable tropical 
diseases ; (vi) glossary. Chapter IV, treating of individual diseases, 
comprises the bulk of the book. There is an adequate index. 

The information contained in this book is sufficient to fulfil the 
requirements of the examination syllabus of the General Nursing 
CouncU as far as tropical nursing is concerned. 

The other books in this series deal with practical nursing, 
anatomy and physiology for nurses, hygiene for nurses, medicine 
for nurses, surgical nursing, gynaicological nursing, materia medica 
for nurses, fever nursing, tray and trolley setting. 
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nutrition and national health 

by Sir Robert McCarrison, London, Faber and Faber, Ltd., 1944 . 
75 pages ; 7 illustrations. 6 s. [£0.3] 

In 1936 Sir Robert Met^rrison, formerly Director of Research 
on Nutrition in India, delivered three Cantor Lectures before the 
Royal Society of Arts. These lectures, which were published in 
pamphlet form, aroused considerable interest. They have for 
long been out of print and their re-publication in book form at a 
time when world-wide attention is being directed to the important 
part played by food and nutrition in health, is espedally to be 
commended. 

The three lectures expound the author’s ar^ment that properly 
constituted food is the greatest single factor in the promotion of 
good health and faulty food the greatest single factor in the pro- 
duction of bad health. McCarrison has performed experimental 
work of fundamental importance in the field of nutrition. He has 
produced peptic ul^r, urinary calculi, and many avitaminoses by 
faulty fireding of animals. Much of this work has been carried out 
in India, where the profound effect of food on physical efficiency 
is strikingly exemplified. These lectures provide experimental 
proof of the fundamental importance of food in relation to health, 
Tlicy are entitled : (i) food, nutrition, and health ; (ii) relation of 
certain food essentials to strueture and functions of the body; 
(iii) national health and nutrition. 
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GAS AND AIR ANALGESU 

by R. J. Mlnnitt. Second edition. London, Bailliferc, Tindall & 
Cox, 1944. 74 pages ; 18 illustrations. 5s. [£0.25] 

Nitrous-oxide-air analgesia is a comparatively modem method 
the relief of pain, and this little book gives a concise account of 
technique of administration, with particular reference to the 
mitt apparatus. It is addressed principally to the midwife who 
I, under the supervision of the doctor, be required to use this 
Ihod. The book is designed to diminish as far as possible the 
fortunes so often consequent upon faulty technique. The 
cialist anesthetist will also find it a useful basis for lectures to 
[wives, while the general practitioner will see in it a simple 
explanation of the part he expects the midwife to take in the ad- 
ministration of analgesia in obstetrics. Chapter headings : (i) his- 
tory of the mechod ; (ii) apparatus and assembly ; (iii) technique 
of administration in midwifery ; (iv) contra-indications and causes 
of failure ; (v) statirtics and legislative developments ; (vi) ap- 
plication to minor surgery. Appendixes : (i) self-administered 
analgesia for the midwifery of general practice : (ii) research notes. 
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ANTENATAL AND POSTNATAL CARE 


by F. J. Browne. Fifth edition. London, J. & A. Churchill, Ltd., 
1944. 622 pages ; 87 illustrations. £1 4s. [£1.2] 

Professor Browne is a leading advocate in Britain of the import- 
ance of improved antenatal care as a prime factor in the reduction 
of maternal mortality and foetal and neonatal morbidity. His 
book has grown much in size and reputation since it first appeared 
in 1935, and it is now the standard British work on the subject. 
The new edition includes an account of the Rh factor and ery- 
throblastosis foetalis, and of recent work on diet in pregnancy, 
especially in preventing various diseases and accidents of pregnancy. 

Chapter headings: (i) history and development of antenatal 
care ; (ii) diagnosis of early pregnancy ; (iii) examination of the 
patient ; (iv) hygiene of pre^ancy ; (v) influence of the emotions 
upon pregnancy and parturition ; (vi) constructive, educational 
and social aspects of antenatal care; (vii) heredity ; (viii) maturity 
and post-maturity ; (ix) abnormal presentations and positions ; 
(x) multiple pregnancy; (xi) abnormalities in the quantity of 
amniotic fluid ; (xii-xiv) haemorrhage in early pregnancy ; (xv) un- 
successful pregnancy ; (xvi) the Rh factor and erythroblastosis ; 
(xvii-xviii) haimorrhage in late pregnancy ; (xix) contracted pelvis 
and disproportion ; (xx) displacements of the uterus m pregnancy ; 
(xxi) vomiting in pregnancy ; (xxii) the toxaemias of late preg- 
nancy (xxiii) diseases and disorders of the digestive system in 
oreenancy ; (xxiv) diseases of the circulatory system in pregnancy ; 
fxxv) diseases of the circulatory systern ; (xxvi-xxviii) diseases of 
(he nervous system in pregnancy ; (^-xxx) diseases of the 
ductless glands in pregnancy;, (xxxi) disrases.of the respiratory 
Sm in pregnancy ; (xxxii) diseases of the unnary tract in preg- 
nant; (LS affections of the sto in pre^ancy; (xxxiv) 
nancy , V /. ,• nremancv. labour and the puerpenum ; 

J? in ^rorninnrv * (xxxvi) the uses and value 


fxxxv) venereal diseases in pregnancy ; t.!«xvi/ in 
^radiology in obstetrics ; (xxxvii) postnatal care. 


TEXTBOOK OF SURGICAL TREATMENT 
including Operative Surgery 

edited by C. F. W. BUngworth. Second edition. Edinburgh, 
E. & S. Livingstone, Ltd., 1944. 564 pages ; 230 illustrations. 
£1 10s, [£1.5] 

Nineteen specialists have co-operated in the production of this 
textbook, under the editorship of the Regius Professor of Surgeiy 
in the University of Glasgow, and the book reflects the considerable 
personal experience of these contributors. As the editor points 
out, surgical treatment implies not only the actual surgical opera- 
tion, but also many ancillary measures of preparation and after- 
treatment. It is devoted primarily to full accounts of pre- and 
post-operative measures ; major operations and highly specialised 
procedures are dealt with in more general terms. In its first (1943) 
edition, the book was well received. This second edition has b^n 
revised to incorporate the most recent developments in surgical 
treatment ; the chapter on burns has been rewritten, and some new 
illustrations have b^n included. The book attains a high standard 
of production, is well illustrated and adequately indexed. 

Chapter headings : (!) pre-operative and post-operative care ; 
(ii) wounds and woxmd infections ; (iii) the treatment of bum ; 
(iv) amputations ; (v) aflections of blood vessels ; (vi) aflections 
of the slrall and brain ; (vii) aflections of the spine and spinal cord ; 
(viii) peripheral nerve injuries ; (ix) surges of the autonomic 
nervous system ; (x) diseases of bones ; (m) diseases of joints ; 
(xii) tuberculosis of bones and joints ; (xiii) paralysis and con- 
tracture ; (xiv) fractures ; (xv) aflections of the shoulder region and 
arm; (xvi) affections of the elbow ; (xvii) aflections of the hand ; 
(xviii) aflections of the hip ; (xix) affections of the Imee ; (xx) 
affections of the foot ; (xxi) radioflierapy ; (xxii) plptic surges ; 
(xxiii) affections of the face, mouth, jaws and salivary glands; 
(xxiv) affections of the neck ; (xxv) affections of the thyroid gland ; 
(xxvi) affections of the larynx, pharynx and cesophagus ; (xxvii) 
affections of the breast ; (xxviii) affections of the thorax ; (xxuy 
hernia ; (xxx) affections of the stomach and duodenum ; (xxxi) 
affections of the intestines ; (xxxii) affections of the rectum and 
anus ; (xxxiii) affections of biliary tract, pancreas, and spleen ; 
(xxxiv) affections of the appendix ; (xxxv) affections of the kidney 
and ureter ; (xxxvi) affections of the bladder and urethra ; (xxxviy 
affections of the male genital tract. 


18/59 

FORWARD SURGERY IN MODERN WAR 
y W. H. Ogilvie. London, Butlenvorth & Co., 1944. 96 pages ; 
2 illustrations. 10s. 6 d. [£0.525] 

This gives a concise account of the primary treatment of battk 
asualties and is based on three years’ surgical expenence in ^na 
nd the Middle East, where the author, a ‘^'^buguished sm^on 
erved as consultant to the East If 

iie Middle East Force. The book is intended for the gMcrai 
urgeon in one of the services who is already 
ichnique but new to the surgery of wounds encountered “ ™ j 
rarfarl The chapters are entitled (0 general pnn«pl^q^°™ 
uraerv ' (ii) wounds ; (iii) resuscitation , (iv) the ^ur® 
feK wounds; (v) xJys: immobilization: evacuation, (vi) 
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wounds involving bones and joints ; (vii) arterial injuries; amputa- 
tions ; (viii) abdominal wounds ; (ix) chest wounds ; (x) wounds 
of the head and face ; (xi) bums ; (xii) an outline of treatment at 
ihe base. The book is well arranged typographically ; the illustra- 
tions consist of clear line drawings. There is no index, which is 
perhaps not a serious omission in a book of this size. 
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SURGERY OF MODERN WARFARE 
edited by Hamilton Bailey. Snb-editor for medicine, C. Allan 
Birch. Third edition. Edinburgh, R & S. Livingstone, Ltd., 1944. 
Part VI : 212 pages ; 146 illustrations. 15s. [£0.75] 

With this part, the third edition of Surgery of Modern Warfare 
is completed. Parts IV-V were reviewed in BMB 3S7I46. In 
Part VI are discussed (i) wounds of the large intestine ; (ii) wounds 
of the rectum and buttocks ; (iii) post-operative abdominal com- 
plications ; (iv) wounds and injuries of the kidneys ; (v) wounds 
of the bladder ; (vi) wounds of the urethra ; (vii) wounds of the 
scrotum, testicles and penis ; (viii) heat exhaustion and other 
effects of heat ; (ix) subtropical surgery ; (x) the stretcher case ; 
(xi) wounds in naval action ; (xii) an outline of the medical services 
of the British army ; (xiii) the transportation of wounded ; (xiv) 
hospital organization in the Emergency Medical Service ; (xv) 
the organization of a first-aid post. In an appendix of 30 pages 
Hamilton Bailey supplies some details omitted by the other con- 
tributors and reviews the literature which has appeared during 
the preparation of the book. Finally, a detailed index completes 
this work, which must be regarded as an outstanding contribution 
to the literature on war surgery. 
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BACTERIOLOGY FOR MEDICAL STUDENTS 
by A. D. Gardner. Third edition. Oxford University Press ; 
London, Humphrey Milford, 1944. 264 pages ; 31 illustrations. 
8s. 6d. [£0.425] 

Bacteriology is a vast subject, and it is proper that the beginner 
should not too soon be overwhelmed with facts. This is a short 
readable account of the subject, confined to the needs of the 
student and general practitioner and omitting details of technique. 
It is thus well suited to serve as an introductory manual. The new 
edition includes an account of the most recent advances in im- 
munology, disinfection, and chemotherapy, while the rest of the 
book has been carefully revised and the section on ultramicroscopic 
pathogens augmented. 

Chapter headings: (i) microbes and their significance to man ; 
(ii) form and structure of bacteria ; (iii) cultivation of bacteria ; 
(iv) pathogenic action ; (v) the pyogenic cocci : Staphylococcus ; 
Streptococcus; Neisseria ; (vi) Bacterium (intestinal infections, etc.); 
(vii) Bacterium, Proteus ; Pseudomona ; Vibrio (cholera) ; (viii) 
Pasteureiia (plague) ; Brucelia (Mediterranean and undulant fever) ; 
Hiemophiius (whooping-cough, etc.) ; (ix) Corynebacterium (diph- 
theria) ; (x) Mycobacterium (tuberculosis, leprosy) ; Actinomyces 
(actinomycosis) ; (xi) spore-bearing rods. Bacillus (anthim:) ; 
Clostridium (tetanus, gas-gangrene, botulism) ; (xii) spirochretes: 
Treponema (syphilis, etc.) ; Leptospira (infectious) ; (xiii) Protozoa 
(tropical disuses) ; fun^ (skin infections) ; bacteria of minor 
importance; (xiv) ifitramicroscopic agents; viruses; bacteriophage 
and border-line organisms ; (xv) the defences of the body : im- 
munity ; hypersensitiveness ; anaphylaxis ; (xvi) the prevention ’of 
infection: sterilization; disinfection; antiseptics; chemotherapy. 
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PRACTICAL ANAESTHETICS 


for Students, Hospital Residents and Practitioners 
by J. Ross Mackenzie. London, R ailli frre, UndaU & Cox, 1944. 
63 pages ; 136 illustrations. 10s. 6d. [£0.525] 

The object of this manual is best stated in the words of the 
author, who intends it “ to form a foundation on which the medical 
student and the medical or surgical hospital resident may build 
the practice of anssthesia and analgesia and as a guide to the 
practitioner or the occasional anrestoetist, who desires to know 
the type of anesthesia best suited to his patient in various circum- 
stanc«.” The practical aspect of the subject predominates in the 
“?*wptions of the anesthetic agents and the methods of their 
admi^tiation. The recognition of anaesthesia as a speciality 
institution of a diploma in anaesthetics have in recent ye^ 
ra^ed the standard and status of anesthetic practice in Britain. 
Cmpter headings are: (i) preparation of the patient •; (ii) pre- 
rnedication and basal narcosis ; (iii) inhalation aruesthesia ; (iv-v) 
the inhalation anesthetic agents ; (vi) the NufiBeld Oxford ether 
vapotiOT No. 1, _ rectal oil-ether anesthesia, ethyl chloride 
anasthesia ; (vii-viii) the gas anesthetic agents ; Gx) endotracheal 
pxE^esia, trichlor^ylcnc ; (x) intravenous anesthesia; (^ 
lOCT and regional analgesia ; (rii) analgesia and anesthesia in 
complications and sequele of anasthesia ; 
^ • ™°'cc of the anesthetic agent ; (xvii) essential antM- 
Inr,.?. “l'“P“’cnt with descriptive notes ; (xviii) anesthesia in 
imiwts and childrtn ; (xlx) oxygen therapy and helium therapy ; 
(.XX) anesthetics— to-day and to-morrow. 


418/63 

SOCIAL SERVICE IN A GENERAL HOSPITAL 

by D. Manchfe. London, BailliJre, Tindall & Cox, 1944. 164 
pages. 6s. [£03] 

It is almost 50 years since the first hospital almoner in Britain 
started work at the Royal Free Hospital, London, her task being to 
ascertain the individual circumstances of each patient and to assist 
those whose home or financial circumstances were likely to prevent 
the patient from benefiting by hospital treatment. From this has 
sprung the hospital almoner of the present day, the “ dispenser 
of the hospital’s charitable services,” whose medico-social work, 
carried out in close co-operation with the medical and nursing 
staff of the hospital, includes the collection of information regarding 
the patient’s home and industrial life, help in alleviating factors 
likely to retard his progress to renewed health and a normal life ; 
the provision of surgical and other appliances ; the arrangement 
of convalescent and other institutional treatment; and district 
nuising, health visitors, and other aspects of after-care. Too often 
patients are ignonmt of the services at their disposal. The hospital 
almoner thus has an important part to play in the field of social 
medicine. 

Miss Manchee, who is Almoner at St. Mary's Hospital, London, 
and who therefore writes with practical knowledge other subject, 
describes in detail the hospital social services in Britain at the 
present time. She has come to know the problems of the patient, 
both in peace and war, and her book is interspersed with many 
anecdotes, both sad and gay, which illustrate the varied nature of 
the work of the almoner. This book is important as being the 
first full atxount of medico-social work in the hospital ; its publica- 
tion coincides with the desire of many to learn more of this aspect 
of treatment and with the promise of a great post-war expansion 
of social medicine. 

Chapter heading: (i) the purpose of hospital social service; 
(ii) the growth of industrialism ; (iii) diagnosis and treatment of 
social distress ; (iv) the expectant mother ; (v) the sick child ; (ri) 
care of the cancer patient ; (vii) the diabetic ; (viii) the ophthalmic 
department ; (ix) the medical patient ; (x) the orthopsedic ; (xi) 
the almoner in casualty ; (xii) needs of the air-raid casualty ; (xiii) 
the clinic for venereal diseases ; (xiv) convalescence ; (xv) meeting 
the cost ; (xvi) interviewing ; (xvii) the almoner student ; (xviii) 
functions of the almoner’s department ; (xix) equipment of the 
almoner’s department. 
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THE BLOOD PRESSURE AND ITS DISORDERS INCXUDEs'G 
ANGINA PECTORIS 

by J. Plesch. London, Bailli^re, Tindall & Cox, 1944. 149 pages ; 
57 illustrations. 15s. [£0.75] 

In this book, which Dr. Plesch describes as a companion volume 
to his larger work, The physiology and pathology of the heart and 
bloodvessels, an attempt is made to apply in practice the results 
of the experimental and theoretical investigations which the author 
has made of the blood pressure by means of the tonosciUograph. 
The tonosciUograph, of which the author is such a keen advocate, 
permits of the recording, as weU as of the determination, of the 
arterial blood pressure, and has therefore the advantage over other 
methods of recording the blood pressure of providing a permanenf 
record which can always be available for comparison tvith subse- 
quent records. In addition it is claimed that it provides informa- 
tion concerning the state of the arterial wall. After demonstrating, 
with copious diagrams and equations, what is meant by the effective 
pressure, the maximum pressure, the minimum pressure, and the 
pressure amplitude, the book proceeds to deal with the clinical 
apph'cation of these observations, paying particular attention to 
angina pectoris, which is considered to be “ a disease of the whole 
circulation,” there being “ no known fact which would justify 
the assumption that angina pectoris is speciScaUy a heart disease.” 

In addition to supplying a fuU exposition of the author’s riews on 
this question, treatment is detailed at considerable length. The 
book also includes sections on venous pressure and oedema. 
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HE DIAGNOSIS AND TREATMENT OF DELINQLTNCT 
Tinical Report on the Work of the Institute for the Scientific Treat- 
ment of Delinquency during the five jnars 1937 to 1941 
y E. Glover. Published by the Institute, 17 Manchester Square, 
x>ndon, W. 1. 32 pages. 

The Institute for the Scientific Treatment of Delinquency was 
aunded in 1932, having for its object the provision of fanhtio 
ar e.\amination and treatment of anti-social conduct, particulirly 
mong young people. At first, phv-sical examinations took place 
1 premises lent by the West Erid Hospital for Nervous Disdses* 
ut in 1937 the Institute opened a clinic with adequate equipment 
jr c.xamination, diatmosis and treatment of out-patient dejin- 
uents. In addition, the Institute has been active in the education 
f public opinion, the provision of training far.litics tor s.u-ems 
nd the organisation of centres outside London. It has not co..- 
ned itself exclusively to the psy chologica! or soao’opcal 
ition of delinquency, but has developed a plan of rcsea.^n to 

over the diagnostic and therapeutic fields. .... 

This Report shows that 719 cases were rc.'t^d to the 
etween 1937 and 1941. This clinical matena! is analv^j. _s _.o 
ources, diagnosis, rccommendauon^ 

■catment, results, and aflcr-bastcrv’. 7.” 

note on possible future deve!opmer.’.s in t..e dia,_.os.s • 
lent of delinquency. 
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T/iis /lumber of the Bulletin is a review of some recent work on blood audits disorders. The authors of the first paper. Dr. G. L. 
Taylor and Dr. R. R. Race, were until 1939 working on the serological aspect of human inheritance with Professor R. A. Fisher at 
the Galton Laboratory, University College, London. Brief reference to this work was made in BMB 346, On the outbreak of 
war, ill anticipation of heavy demands for test-sera from military and civilian transfusion services, the Galton Laboratory unit 
taken over. by the Medical Research Council to form a Blood Grouping Serum Unit. In this period Dr. Taylor and Dr. Race have 
both published a number of papers on blood-grouping and other serological subjects, most of which are reviewed in this number. 

Dr. W. T, J. Morgan is a meniber of the staff of the Lister Institute of Preventive Medicine, and Reader in biochemistry in the 
University of London. He has been an Honorary Secretary of the Biochemical Society since 1940 and was, from 1929 until 1937, 
First Assistant and Biochemist to the Institute's department for the preparation and study of therapeutic sera. His published work 
during the last 10 years has included many papers on inimunochemistry. His chief interest has been in problems associated with the 
isolation of bacterial and tissue antigens in homogenous condition arid yet retaining in full their “ native ” character. Dr. Morgan 
recently succeeded in combining non-antigenic polysaccharides which possess serological properties of biological interest, such as 
bacterial haptens, plant gums and specific blood-group substa/tces, with certain bacterial protei/is, thus forming potent antigenic 
cot//plexes which induce the formation of immune-body specific for the polysaccharide component of the artificial antigen. The 
ition of artificial a/itigenic complexes under what are ah/iost physiological conditio/js, opens up a new line of approach to the 
'■ problem of the nature, forr/iation a/id occurre/icc of antigens in micro-organisms and animal tissues. 

. C, J. C. Britton is a graduate of the Uni versity of Otago, New Zealand. He first came to Englat/d in 1 932 for two years as a 
trch Scholar to the Bland-Sutton Institute of Pathology, Middlesex Hospital, London. Then, following three years as Assistant 
dogist to Christchurch Hospital, New Zealand, he itwj appointed Assistant Pathologist in the Bland-Sutton Institute and is now 
Officer in Charge of the E/nerge/icy P/iblic Health Laboratory, Sector 5 {o//e of the laboratories of the Emergency Public Health 
ratory Service, which iras described in BMB 64). Most of his published papers deal with hcernatological subjects. He is also 
•thor with Dr. L. E. H. Whitby of “ Disorders of the Blood” Ifith edition, 1944), and contributes the section on blood disease in 
I's “ System of clinical medicine ” {12th edition, 1944). 

. Harold Scarborough is Temporary Assistant Physician in the Edinburgh Royal Infir/nary. For/nerly the holder of a Beit 
Metnorial Fellowship for Medical Research, Dr. Scarborough has published work on a variety of nutritional subjects. He has made 
a detailed study of /na/iy problems involving capillary resistance, particularly in relation to the bleeding diseases. Since the 
war. Dr. Scarborough has been Principal Medical Officer and Deputy Director of the South-East Scotland Blood Transfusion 
Service. An account of a series of his papers. on the properties of stored blood has already been given in BMB 94. 

D/'. E. P. Sharpey-Schafer is First Assista/it in the Department of Medicine of the British Postgraduate Medical School, London. 
Before the war be was particularly interested in endocrinology, and had published a number of papers on this subject. Since the war 
his interest has been diverted to problems in connection with the dynamics of the circulation. 
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HUMAN BLOOD GROUPS 


G. L. TAYLOR, M.D., Ph.D., F.R.C.P. 
and 

R. R. RACE. M.R.C.S., L.R.C.P. 


luman erythrocytes contain many different antigens (agglu- 
nogens), usually demonstrated by agglutination on addition 
f serum containing corresponding antibodies (agglutinins), 
lesides antigens common to man as a species, there are others, 
resent in some people and not in others, which enable to 
ivide mankind into several different systems of blood 
roups. The number of detectable antigens will no doubt 

le increased. , . r 

For many years it had been known that the serum of one 

necies agglutinates the ceUs of another species of ^mal 
WeroagStotination) when Landsteter (1900), by antog 
hat the sera of some human bemgs agglutinates the cells of 


160 


others, showed there were differences in the blood of members 
of the same species. The agglutination of the cells of one 
member by the serum of another member of the same species 
is isoagglutination. 


ABO Groups 

According to whether the cells contain one (A), the other 
(B), both (AB) or neither (O) of two antigens, A and B, 
Landsteiner and his colleagues classified mankind into four 
groups. Of all human erythrocyte antigens, A and B are 
the only ones for which the corresponding agglutinins occur 
naturally in human serum, and because antigen and corre- 


spending antibody may come together in vivo, the ABO groups * 
are' of great importance in blood transfusion. Landsteiner 
pointed out that a person’s serum cannot contain the antibody 
(agglutinin) for an antigen (agglutinogen) present in his 
erythrocytes, but with very rare exceptions anti-A or anti-B 
a^utinins (or both) are found in the serum when the 
erythrocytes do not contain the corresponding antigen. 
The position is shown in the following Table : 


Table I 


Antigens in ery- 





throcytes 

0 

A 

B 

AB 

Antibodies in 

Anti-A -j- Anti-B 

Anti-B 

Anti-A 

None 

serum 

(alpha + beta) 

(beta) 

(alpha) 


Jansk;? classifi- 





cation . 

I 

II 

III 

IV 

Moss classifica- 





tion 

IV 

II 

in 

I 


Instead of the alphabetical A, B, AB and O (O indicating 
absence of A and B) classification, based on the antigenic 
content of the cells, many workers, particularly in the past. 


homozygote, and AO, the heterozygote, both belong to group 
A, and no serological method of differentiating the homo- 
zygote and the heterozygote has yet been devised. The posi- 
tion of BB and BO is similar. In any person, half the germ 
cells cany one factor and the other half carry the other ; 
thus an AB person produces A and B gametes in equal 
numbers ; AO produces O and A in equal numbers, and so 
on ; whilst AA, BB and OO yield only germ cells of one sort 
— A, B or O. No child can have an antigen which is not 
present in one or other of his parents. The 3 pedigrees given 
below illustrate more clearly the method of inheritance : 

Sub-groups of the ABO System 
Dungem & Hirschfeld (1911) described the sub-groups Ai 
and Aj, AjB and A-B. Nearly all anti-A sera (from group B 
donors) contain two anti-A agglutinins, alpha and alphai ; 
alpha reacts with all the sub-groups Ai, Aj, AiB and AjB, 
while alphai reacts only with Aj and AjB and not with A, 
and A.B. To test for the sub-groups, alphai is obtained free 
from alpha by absorbing alpha from a group B serum (chosen 
because it contains alphai in good amount) with A, cells. 
Alphai occurs naturally in the sera of some Aj and AoB 
people, and anti-O very rarely in some Ai, B and AiB sera. 
A. reacts more weakly than Ai and although it has been 



have used a numerical classification. Unfortunately there 
are two different ways of numbering the groups, Jansky 
(1907) and Moss (1910), and confusion and accidents have 
resulted. Numbers should not be used for, apart from pre- 
venting confusion, the alphabetical, classification, recom- 
mended by the League of Nations, gives information about 
the nature of the groups. 

The ABO groups are inherited according to Mendelian 
principles as shown by Bernstein (1924, 1925). — A child gets 
from each parent one of three antigens A, B or O. O is 
more than merely an absence of A and B ; it is itself an 
antigen, although a poor one. Antibodies to O can be pro- 
duced by immunizing animals, and they occur spontaneously 
in some animal sera and very rarely in human serum. Anti-O 
is often and unfortunately called “ alphaj” because it Reacts 
with most Aj cells, probably the heterozygotes AjO. The 
factors or genes which determine the heredity are carried on 
the chromosomes in the nuclei of the cells. In the sperma- 
tozoa and ova there are 24 chromosomes, wMch at fertiliza- 
tion pair with their opposite numbers to make the 24 pairs 
of chromosomes found in aU cells of the body except the 
gametes; each of a pair is complementary to the other. 
As a cMd may acquire genes for A, B or O from each parent, 
the antigens it receives may be as shown in the Table 


Table n 


Gene from 
one parent 

Gene from 
other parent 

Combination 
of genes 
[genotype] 1 

Serologically 
demonstrable 
blood group 
[phenotype] 

A 

A 

AA 

A 

A 

0 

AO 

A 

B 

B 

BB 

B 

B 

0 

BO 

B 

A 

B 

AB 

AB 

0 

0 

OO 

0 


A or B is transmitted \vith O, only A or B is sero- 
‘demonstrable ; A and B are both “ dominant ” to 
riiirn' ^ ^ ” lo the other two ; A and B are equally 

nant and both are manifest in the group AB. AA, the 


suggested that the difference between them is only quantita- 
tive, there is no doubt that it is qualitative. The sub-groups 
increase the number of groups from four to six : Ai, A-, B, 
AjB, AjB and O. The inheritance of this e.\tended system is 
explained by a simple extension of Bernstein’s theory. Instead 
of the three original factors A, B and O, there are now four, 
Ai, A„ B and O, with Ai, Aj and B dominant to O, and Ai 
dominant to Aj. .^child gets one of the four factors from 
each parent and may be : 


Table HI 



all sub-group A, 

BB 1 
BOi 

both group B 

both sub-group A* 

o>> 

sub-group AiB 
sub-group AjB 
group 0 


Other more weakly reacting forms Aj, A 4 and A 5 have been 
described. 


MN Blood Groups 

Landsteiner & Levine (1928a) described another system of 
uman blood groups depending on two antigens M Md N 
nd according to which are in the cells, people can be diwded 
jto three groups M, MN and N, which have no conn^tion 
t all svith the ABO groups. Later (1928b) they showed that 
iOth M and N are inherited as characters without dommance, 
o that when they occur together in group MN they are both 
aanifest ; nobody lacking both M and N has yet ’ 

nd there is therefore no group corresponding to the O group 
f the ABO system. A person of group M has r^ited . 
rom each parent, is homozygous MM and will P^odu^, 
,nly M gametes ; group N is similar, 

Tie heterozygote, MN, gets M from one and N 

ither parent, and produces M \ 

lumbers. If one parent of a mating is M, no N child, and 

f one parent is N no M child can result. 

Anti-M and anti-N agglutinins do 
luman serum, thqugh nine or ^ rSr 
inti-M and one of anti-N have 
VI and N is done with the sere 
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1 


and leave only the specific anti-M or 
anti-N. Correct diagnosis of these 
groups requires veiy great experience. 

Rh Factor 

The latest factor, the Rh antigen 
(agglutinogen), was described by Land- 
steiner & Wiener (1940, 1941), who 
found that the serum of a rabbit or 
guinea-pig which had been injected 
with the erythrocytes of the Rhesus 
monkey agglutinated the cells of 85 % of 
white people in America and failed to 
agglutinate those of the other 15 %. 
The two classes are called Rh-positive 
and Rh-negative. The distribution is 
similar in Britain (Boorman, Dodd & 
Mollison, 1942 ; Hoare, 1943 ; Taylor 
& Race, 1944a), but there are marked 
racial differences. The proportion of 
positives is higher in American negroes, 
and Rh-negatives are very rare in some 
races ; only one was found by Land- 
steiner, Wiener & Matson (1942) in 120 
American Indians and one in 150 
Chinese (Levine & Wong, 1943). Rh 
is inherited as a dominant character, 
the gene Rh determining its presence, 
and the gene rh its absence; its dis- 
tribution is the same in the two sexes, 
and it seems to be quite independent 
of any other known blood-group anti- 
gen. It is present at birth. 

Before long, agglutinins identical 
with anti-Rh were found in the sera 


EssenVah of the Rh Factor 

V^en the erythrocytes of a Rhesus monkey 
are infected into the circulation of a rabbit (or 
Ruinea-pig), the serum of the rabbit may acquire 
the property of agglutinating the erythrocytes 
of some (about 85 %) human beings, but not 
of others (about 15 %). 

EtyUirocytes of the Rhesus monkey contain 
an antigen which causes the production of an 
antibody (anti-Rh agglutinin) in the senun of 
the rabbit. 

The antigen in human erythrocytes which 
reacts with the anti-Rh agglutinin is called the 
Rh factor (Rh for Rhesus). 

The Rh factor is present in the erythrocytes 
of approximately 85 % of human beings. Such 
persons are described as Rh-positive, and their 
erythrocytes are agglutinated by sera which 
contain anti-Rh agglutinin. 

The remaining 15 % arc described as Rh- 
negative — that is, their erythrocites do not con- 
tain the Rh antigen, and are therefore not agglu- 
tinated by sera containing anti-Rh agglutinin. 

When blood from an Rh-positive donor (that 
is, a donor whose erythrocytes contain Rh 
antigen) reaches the circulation of an Rh-nega- 
tive recipient, the serum of the recipient may be 
stimulated to produce Rh antibody (anti-Rh 
agglutinin). That is, the Rh-negative recipient 
may react to the erythrocytes of the Rh-positive 
donor ns the rabbit reacts to the erythrocytes 
of the Rhesus monkey. 

If Rh antigen has previously reached the 
circulation of an Rh-negative recipient (by trans- 
fusion or via the placenta from the child of an 
Rh-positive father), anti-Rh agglutinin may be 
present in the serum, and subsequent trans- 
fusion of Rh-positiye blood may result in 
hatmolytic reactions. 

Anti-Rh agglutinin which has been produced 
in maternal serum passes across the placenta, 
reacts with the Rh antigen in the erythrocytes 
of the Rh-positive child, and causes hremo- 
Jytic disease of the newborn (erythroblastosis 
foctalis). 


possible ^ that quite a proportion of 
cases with Rh-positive mothers are 
caused by this type of agglutinin. 

Rh Sub-types 

The Rh factor is not as simple as 
was at first supposed. Wiener (1942) 
found a human serum which agglutin- 
ated only about 70% of bloods (85% 
were positive with the other human and 
immune animal sera). Rh-negative 
bloods did not react with the new serum 
and. the 70 % which did were said, by 
analogy with the sub-groups of A, to 
be of the sub-type Rhj, whilst the 15 % 
or so positive with the original and 
negative with the new serum, were of the 
sub-type Rh^, as shown in Tabie TV. 

Wiener (1942) referred to a peculiar 
agglutinin in the serum of an Rhi 
mother of an erythroblastotic infant. 
The serum, found by Levine, Javert and 
Katzin, was said to react with Rh- 
negative and Rhj bloods, that is, with 
about 30 % in all. Other accounts of 
this serum, named anti-Hr, because it 
worked, as it were, the other way round 
from anti-Rh, give difierent percentages 
of reactions and suggest that it was 
troublesome to work with. A similar, 
but not necessarily identical serum, 
called St from the first two letters of 
the mother’s surname, has been investi- 
gated by Race & Taylor (1943), and 
details of its discovery and of the clim'cal 


of certain persons who had hmmolytic reactions following 
transfusion of blood which, according to the ABO groups, 
was compatible. The recipients were all Rh-negative and 
had either been transfused before, or were women receiving 
a transfusion in connection with childbirth. The first group 
had been immunized by earlier transfusions of positive blood ; 
the second by Rh antigen present in the foetus and inherited 
from the father, the antigen having crossed the placenta from 
foetus to mother. When transfusion reactions due to anti-Rh 


condition of the Rh-positive donor and her eiythroblastotic 
baby have been given by McCall, Race & Taylor (1944). St 
reacts with the blood of all Rh-negative and all heterozygous 
Rh-positive persons (Rhrh), who are recognized by being 
Rh-positive parents or children of Rh-negative subjects, but 
it fails with about 20 % of bloods, all of which must be 
homozygous (RhRh) and represent about half of the Rh- 
positive homozygotes (about 38 % of the population). 


were found in the mothers of infants suffering from hsmolytic 
disease of the newborn (erythroblastosis foetalis) the con- 
nection between immunization of the mother and this disease 
of the baby was quickly realized. According to Levine, 
Burnham, Katzin & Vogel (1941) ft results from the isoim- 
munuation of a mother by an erythrocyte antigen which 
she lacks, but which the child has inherited from the father, 
and the subsequent passage through the placenta of the re- 
sulting antibody to act on the susceptible foetal blood. As 
90 % of the mothers concerned are Rh-negajj!ve, and anti-Rh 
can be found in the sera of a large proportion of them, 
and as every affected child of such a mother tested has always 
been Rh-positive, the importance of Rh in the causation of 
this disease cannot he doubted. 

Confirmation of the part played by Rh in the mtiology of 
hffimolytic disease of the newborn has been provided by many 
workers, and in Britain by Boorman, Ltodd & Mollison 
(1942, 1944); Taylor (1943); Race, Taylor, Cappell & 
McFarlane (1943) ; Hoare .(1943) and Langley & Stratton 
(1944). As soon as the importance of isoimmunization was 
understood, American workers began to treat affected infants 
by transfusion with Rh-negative blood, and Gimson (1943) 
has reported veiy encouraging results from a series so treated 
in London, whilst Mollison (1943) has followed the survival 
of the cells transfused into affected infants. 

In the 10 % of cases where the mother is Rh-positive it 
seems that some other erythrocyte antigen must be responsible. 
Only anti-A and anti-B occur regularly in human sera under 
normal conditions ; the sub-group antiboies alphai and 
anti-0 occasionally ; and anti-M as a curiosity. Any of the 
above antigens, or some unknown and uncharted one, may 
possibly ^ve rise to isoimmunization and cause a transfusion 
reaction or haemolytic disease of the newborn. The recessi ve 
gene rh produces an antigen, and agglutinins which react with 
it have' been made in mothers who lack it, by eiythro- 
blastotic babies who have got rh from their fathers, and it is 


Table IV 


Erythrocytes 

85 % human or 
animal serum 

70% serum 
(anti-Rhi) 

Rhi (70%) . 

+ 

+ 

Rh.(15%) . 

+ 


Rh-negative (15 %) . 


! 


To explain the sub-types Rhi and Rhj, Wiener (1942) 
suggested that instead of the original genes Rh and rh, there 
were three allelomorphs Rhj, Rhg and rh governing the 
heredity of the Rh factors. In a system of n allelomorphs the 

lumber of genotypes is given by • Thus Rhi, Rhj 


and rh produce six genotypes, and if the frequencies of the 
genes are Rhi -f Rh* -f rh = 1 - O,* then the frequencies of 
the six genotypes are given by the terms of 


(Rhi -i- Rh* + rh) (Rhi -f Rh* + rh). 


Race & Taylor (1943) suggested that the 20 % of cells which 
were St-negative were of the genotype RhiRhi. By taking 
the square roots of 0*20 and of O* 15, values of 0*45 and O' 39 
arc obtained for the frequencies of the genes Rhi and rh, 
leaving 0*16 for that of Rh*. The percentages of the six 
genotypes calculated from these frequencies are ^ven in 


liking confirmation of the belief that St-negative rells 
Rh,Rhi is provided by these genotype frequenci^: 
hose containing Rhi total 69-5 %, a figure in remarkable 
ement with the 70 % of reactors with Wiener’s 
m (the sub-type Rhi). (ii) The gen otypes RhgRh* ana 

The bar over the gene indicates the frequency of thee:"' “ opposed to the 
itself, e.go the frequency of the gene Rh is written Kn.J 
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Table V 


St reacts with about 80 % of people, including all rhrh ; it 
also reacts with rh and Rhj wherever they occur, thus ; 


Phenotype 

1 

; Genotype 

% (approx.) 

1 

Frequency 

Sub-type Rh, . 

Rh,Rh, 

20-0 

Rhi 


Rh,Rh5 

14-4 

2^,Rh3 


Rh,rh 

35-1 

, 2M,rh' 

Sub-type Rh. . 

Rh.Rh, 

2-6 

Rlij 


Rh.rh 

12-5 

2Rh.rh 

Rh-negative . 

rhrh 

15-0 

rh 


Rhorh total 15-1 % and are the sub-type Rh. which Wiener 
had' found to be 15 %. 

Shonly after the discovery of St serum. Race, Taylor, 
Boorman & Dodd (1943) found another type of anti-Rh serum 
from the mother of an erythroblastotic infant. This serum 
agglutinated about 30 % of bloods, but failed to agglutinate 
Rh-negafives. The three genotypes in Table V which con- 
tain Rh. total 29-5 %, and it was soon realized that the latest 
serum reacted with Rh.. A similar anti-Rh. serum was 
described by Wiener (1943a). Within a week or two. Race, 
Taylor, Cappell & McFarlane (1944) identified a serum as 
anti-Rh,, and it was then possible to test cells with the four 
different types of serum. The reactions caused by the three 
genes are : 


Table VI 



Antisera 

Anti-Rh 

Anti-Rh_, 

Anti-Rh. 

St 

Rhx 

+ 

"f 



Rh. 

■+ 


-h 

+ 

rh . 

— 

— 


+ 

and by the six genotypes ; 




Rh,Rh, . 

+ 

-f 

_ 

_ 

Rh,Rh. . 

+ 

4- 

+ 

+ 

Rh,rh 


-i- 


+ 

RhjRhs . 

+ 


+ 

a. 

Rh.rh . 

+ 



4- 

rhrh 

— 

- 


+ 


Although it includes the most important part, the above 
description of the three antigens Rh,, Rh., and rh and the 
reactions given by the four types of antiserum is not the whole 
■story of the Rh antigens and antisera. Besides the three 
common allelomorphs Rh,, Rh. and rh, four rare ones have 
been found, Rh', Rh', Rho, each having a frequency of I % 
or less, and Rhy, which is very rare indeed (Wiener, 1943b ; 
Race, Taylor, Cappell & McFarlane, 1944 ; Race & Taylor, 
i^44). With seven allelomorphs there are 28 genotypes, 
^e six common ones in Table V are the genotypes of about 
people, and the remaining 22 genotypes cover the 
other 7 %. Each Rh antiserum mentioned so far contains 
one agglutinin : (i) The 85 % reacting serum of Table IV, 
anti-Rh, contains one agglutinin which by analogy with the 
Greek alpha and beta for the anti-A and anti-B of 
the ABO groups may be called rho. (ii) Anti-Rh, contains 
rno,, and (iii) anti-Rh. has rho.. But sera containing 
mLxtui^ do occur ; thus anti-Rh' has rho -f rho, and, 

anti-Rh has rho + rho.. Details are given in the following 
Table : 


Table VB 

Antiserum 

Percentage 
of people 
positive 

Aggiutinins 

Reacts with Antigens 

RhiRh' Rh.Rh'Rho 

Anti-Rh . 
Anti-Rh, . 
Anti-Rh. . 
Anti-Rh’ . 
Anti-Rh' 

85 

70 

30 

87 

85 -f 

rho 

rho, 

rhoj 

rho -r rho, 
rho -i- rho. 

+ — + “ "T 


Rh, 

St serum — 


Rh' 


Table VIII 
Rh. Rh' 


Rhn 


rh 


Rhy 


Apart from its being negative with St and positive with 
rho., the reactions of Rh, are not yet known. 

Stratton (1944) has described a maternal serum which con- 
tains the three agglutinins rho, rho, and rho., and the authors 
of this article are aware of the occurrence of another serum 
of this sort. 

The terminology used in the present account of the Rh 
system of blood groups will certainly not he permanent. 
Race (1944) has described a most ingenious and attractive 
scheme, formulated by R. A. Fisher, for the Rh genes, anti- 
gens and antibodies. The scheme postulates the existence 
of an eighth allelomorph, Rh„ and two further agglutinins 
both dificrent from St, but like St reacting with rh. The 
terminology of the scheme differs markedly from any used 
so far. 

In seeking Rh-negative bloods for transfusion, those not 
agglutinated by 85 % anti-Rh serum should be further ex- 
amined with sera containing rho,, and, if available, rho,, 
otherwise the rare genotypes M'Rh', Rh'rh, Rh'Rh', 
Rh'rh and Rh'Rh' will be diagnosed as Rh-negative and may, 
on transfusion into a pterson with a corresponding agglutinin, 
cause a hsmolylic reaction. About half the human sera are 
anti-Rh', so that the use of the rare Rh' type as negative blood 
is very risky. With Rh' the risk is much less, as sera having 
rho. are very rare. By using an anti-Rh' serum for routine 
testing of donors almost all the risk would be eliminated. 
When persons of the five Rh' and Rh' types are transfused 
it will usually be safest to give Rh-negative blood. The very 
infrequent Rh'Rh' may, however, make St antibody for which 
negative blood is incompatible. These possibilities empha- 
size the value of direct matching of the recipient’s serum and 
intended donor cells in a tube at 37° C. These rare genotypes 
have increased the number of Rh-positives from 85 to 87 % 
and have reduced the complete negatives to 13 %. 

In Table IX are set out the reactions given by the antigens 
and the various antisera, and in Table X are the phenotypic 
combinations, the interpretation in terms of genotypes, and 
the approximate frequencies. 


Table DC 


1 

Antigens 

1 Frequency 1 

i C%) 1 

1 

! Antisera 

Rh Rh, Rh, St Rh' Rh' 

1 

i 

1 i 

' , , ... 


Rh, . 


. 1 0-43 

Rh. . 


. i 015 

Rho . 


. i O-OI 

i or less 

Rh' . 


1 

• ) ” 

Rh' . 


• 1 y* 

rh . 

. 

. i 0-36 

Rhy . 

• 

. 1 very rare 

1 


9 .L _ 


The reactions with anti-Rh' and anti-Rh' sera, included in 
the Tables for completeness, do not add anything to the infor- 
mation given by the other four sera. It will be seen that the 
majority of genotypes are not completely isolated, but that 
in most groups there is one very much more frequent than th- 


Serological tests do not differenriate between Rh.Rh. a^ 
i.rh, but the genotypes of about SO % of people can k 
tirmined (Race, Taylor, Cappell & McFarlme. 19-.). 
loring the rare ones, and some of these can be infcrrim rom 
nily investigations. In about three cases out of four, 
-ological tests show whether an Rh-positi\c pc.'son is 
mozygous RhRh or heterozygous Rhrh. and arc C; ^a. 
ognostic importance in families in which 
■talis has occurred (Taylor & Race, 
the genotypes should increase the :-cfu..ness c. th. K.. 

oup in linkage studies. 
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Table X 


Antigens 

Rh 

Rhi 

Antisera 

Rh, St 

Rh' 

Rh' 

Frequency 

(approx.) 

(7o) 

RhiRhi 1 
RhiRh' 1 

[ 

1 

+ . 

+ 

— 

— 

+ 

+ 

19 

Rare 

RhiRhi ’ 








13 

Rh,Rh' : 


+ 

+ 

+ 

+ 

+ 

+ 

Rare 

Rh'Rh. J 








Rare 

Rh.Rh,\ 








2 

Rhirh 








12 

Rh.Rh' 

h 

+ 

— 

+ 

+ 

+ 

+ 

Rare 

RhjRho 








Rare 

RhoRh'J 








Very rare 

Rhjrh 








33 

RhiRho 


+ 

+ 

— 


+ 

+ 

Rare 

Rh'Rho 








Very rare 

RhoRho' 

Rhorh 

1 

t • 


— 

— 

+ 

+ 

+ 

Very rare 
Rare 

rhrh 

— 

— 

— 

+ 

— 

__ 

13 

Rh'rh . 

— 

+ 

— 

+ 

+ 

— 

Rare 

Rh'rh 1 
Rh'Rh' j 

• 

— 

- 

+ 

+ 

— 

+ 

Rare 
Very rare 

Rh'Rh' 


— 

+ 

+ 

+ 

+ 

+ 

Very rare 

Rh'Rh' . 

— 

+ 

— 

— 

+ 

— 

Very rare 

RhiRhy 

+ 

+ 

+ 


+ 

+ ■ 

Very rare 


Other Rhy genotypes are very rare and have doubtful reactions. 


Genetic and Forensic Implications 

The importance of blood groups is not confined to their 
relationship to transfusion.. As they provide markers for the 
chromosomes concerned with their inheritance, they are of 
interest to the geneticist. For the genes of another hereditary 
character may be on the same pair of chromosomes as those 
of a system of blood groups, and the transmission of the two 
may be related. ABO and MN tests are widely used in cases 
''f disputed parentage and other medico-legal grouping tests 
re made on blood and stains. The sbe AiAjBO and the 
tree MN groups furnish 18 blood-group types and with the 
1 Rh divisions of Table X enable the recognition of 
8 ^ 11 (198) different types. Other factors have been 
5imd, but b^use of technical difficulties or because the 
ntibodies are not easily obtained, they are not yet widely 
sed. Anti-P from normal or immune animal sera and 
ccasionally from human sera (Landsteiner’s extra agglutinin 
lo. 1) differentiates P (a dominant character) and non-P 
persons. 

The ABO antigens are not confined to erythrocytes, but 
occur in tissues and various body fluids. Many workers 
have thought that M, N and Rh antigens do not exist outside 
the erythrocytes, but Boorman & Dodd (1943) have confirmed 
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the report of Kosjakov & Tribulev (1940) that M and N do 
and in addition have found Rh in tissues and saliva. ’ 
■people can also be divided into two types according to 
whether the saliva contains in considerable amount the anti- 
gens of the ABO group to which they belong (secretors) or 
lacks them almost entirely (non-secretors). In secretors the 
antigens are in most other body fluids besides saliva. The 
ability to secrete A, B or O is a dominant character and its 
inheritance is quite independent of that of the groups them- 
selves. It is not known whether the gene which controls 
secretion of ABO antigens governs the secretion of other 
antigens, e.g. Rh, or even whether the presence of Rh in 
saliva is an inherited character. The genes for the various 
blood groups and secretion appear to be on different chromo- 
somes and so provide linkage markers for five (excluding sex) 
of the 24 pairs of chromosomes, whilst the characters them- 
selves permit the division of mankind into a very large number 
of types thus : 

Table XI 

ABO MN Rh P Secretion , 

6 x 3 x 11 x 2 x 2 = 792 types 

Ability to recognize more Rh genotypes or the discovery of 
other antigens would greatly increase the number of types, 
arid Landsteiner suggested the possibility of establishing the 
individuality of blood just as can be done with finger-prints. 

The proportion of people in the types varies enormously ; 
some are very rare. There are great racial differences which 
are of interest to the anthropologist (see Table XII). 


Table XII 


Britain % 

O 

. 46 

A B 
42 9 

AB 

3 

But marked differences in 
different parts. 


O 

A B 

AB 


India .% 

. 30 

24 37 


8 

Very great differences in 






different parts. 


M 

MN 

N 


Most places % 

. 30 

50 

20 

Occasionally a race has 






little of one or other 






antigen. 


P Non-P 



Secretor Non-secretor 

America % 






(whites) 

75-80 : 

20-25 



75-80 20-25 


Rh has been mentioned above, and evidence of marked racial 
diflerences in the distribution of the Rh genes is being 
obtained. 
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SOME RECENT OBSERVATIONS ON THE INHERITANCE OF BLOOD GROUPS 


R. R. RACE, M.R.C.S., L.R.C.P. 


The statistical methods and the appropriate family investiga- 
tions necessary to show how blood-group antigens are in- 
herited slowly emerged from the work on the ABO and MN 
systems. Consequently, when the Rh groups were discovered 
by Landsteiner and Wiener, this familiarity \vith the problem 
contributed to the fairly rapid recognition of seven allelo- 
morphic forms of the gene responsible. 

The AiA.BO genes occupy a single locus, and so do the 
MN genes, and it was generally supposed that there was but 
one locus for the seven alternatives of the Rh gene. Early 
in this year, however, in order to correlate the three categories 
antigens, genes or allelomorphs, and antibodies, Fisher 
(Race, 1944) suggested that either each gene is associated 
with three antigens, or that three closely linked loci are 
involved. Each of Fisher’s three antigens has two alterna- 
tives and these three pairs of two alternatives make eight 
possible combinations in the gamete. The hypothesis thus 
predicts the discovery of an eighth allelomorph. 

Landsteiner & Wiener (1941), in the earliest family investi- 
gations, demonstrated that the Rh gene was not sex-linked 
nor partially sex-linked, and that it must therefore be carried 
on one of the 23 autosomes. Linkage was looked for, but 
not detected, between the Rh gene and the ABO and MN 
genes. So far no results have been pubh'shed of any search 
for linkage between the Rh gene and a disease gene, nor 
between it and the remaining two common recognisable 
genes — those responsible for tasting phenyl-thiocarbamide 
and for secreting the ABO antigens in the saliva. 

It has been known for some time that g>psies of Hindu 
origin, who have lived in Hungary for more than 200 years, 
have the modem Hindu distribution of the ABO groups ; 
and that German colonists who settled in Hungary some 
250 years ago, and did not intermarry with the Hungarians, 
have the modem German distribution. Both these distribu- 
tions are quite unlike that of the Hungarians. Early in the 
present war the frequency of the ABO groups amongst 
donors in the United Kingdom was analysed by Fisher & 
Taylor (1940); the Scottish and North Irish frequencies 
\yere like those found in Iceland, but quite unlike the con- 
tinental and South English distribution. This suggests that 
these northern frequencies may have been much the same 
since Vtking times. Further, Hart (1944) finds that in the 
rural population of Ulster the donors with Engh’sh names 
have the English distribution of groups although it is more 
than 400 years since their ancestors settled there. 

Thus, when race-crossing is negligible, the proportions of 
the groups probably remain constant over long periods 
of time. Consequently Ford (1942) considers these groups 
an example of a balanced polymorphism. This state entails, 
as shown by Fisher (1927), a balance of selective influences. 
In the case of these groups, selection may work on some 
uiiknown ancillary efiect of the genes. 

Tlere is so far no clear evidence of the balanced nature 
of tte polymorphism due to Rh. Indeed it has been argued 

y Haldane (1942) that the proportions of these groups in the 
white population must be changing fairly rapidly, owing to 
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the constant selection against the fieterozygote, Rhrh, exerted 
by h$molytic disease of the newborn. Such adverse selec- 
tion would tend to bring to a very low level the rarer of the two 
genes — rh. The relatively high proportion of Rh-negatives 
amongst the whites is probably due, according to Haldane, 
to their having originated from a crossing of two races, one 
mostly Rh-positive (like the modem- Chinese) and the other 
predominantly Rh-negative. Haldane therefore considers 
that the gene ratio amongst whites is highly imstable and that 
rh is in the process of being eliminated, the present poly- 
morphism being of a transient type. Hogben (1943), on the 
other hand, thinks that the ratios are constant, and that the 
selection against the gene rh is couiiterlHlanced by a high 
mutation rate to rh. The rate of mutation would have to 
be many times higher than any yet known. 

Fisher has suggested another way in which the gene fre- 
quency of rh may be maintained in spite of hsmolytic 
disease. In human families deaths in infancy are usually 
associated with an increased number of births. In hsmolytic 
families, even with homo^gous fathers, where every child 
is liable to the disease, not all are killed by it ; in such cases 
additional births will have partially compensated for those 
lost. With heterozygous fathers, on the other hand, half the 
children will be recessives, like their mothers, and these will 
have the higher rate of survival, so that even a partial re- 
placement of children lost may over-compensate the loss of 
rh genes. 

There is then no solid ground for assuming that the rh gene 
is being eliminated, even if, as is still doubtful, Rh-negative 
women have on the average slightly fewer surviving children 
than Rh-positive women. The physiological and psycho- 
logical tendencies to replace children lost early in life are 
illustrated in a series of families of hereditary acholuric 
jaundice collected by the writer (Race, 1942) when at the 
Galton Laboratoo'. It was then found that affected females 
had an exceptionally large number of stillbirths and infantile 
deaths, but, nevertheless, had a larger number of surviving 
children than their normal sisters. 

In this case, still-births and neonatal deaths were a stimulus 
to over-compensation, and it is to be expected that mothers of 
children with haemolytic disease, whose husbands are hetero- 
zygotes, Rhrh, may eventually produce more than their share 
of Rh-negative children. 

Haldane (1942) has discussed the eugem’c aspect of the 
Rh-rh gene substitution, and points out that, although it is 
responsible for more deaths than any other known human 
gene substitution, it is obwously going too far to recommend 
that Rh-negative women should many exclusively Rh-negative 
men. The Rh-positive babies of only about 5 % of Rh- 
negative women are affected with hamolytic disease. Such 
women may possess highly permeable placentas, and if the 
abnormal permeability was due to a gene and the gene could 
be recognised, then there would be a strong case for dis- 
couraging a mating which involved (i) an Rh-negative woman 
and (ii) this gene for placental permeability and (iii) an Rh- 
positive man. 
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occurrence and NATURE OF HUMAN BLOOD-GROUP SUBSTANCES 


W. T. J. MORGAN, Pb.D., D.Sc. 


his Ihan 40 years have passed since Landsteiner and 

pupils announced that human bloods can be divided into 
orw Although the modem technique 

ood transfusion that has been evolved from this important 


,-eo- is now to be regarded as an 

le medical procedure, it is unfortunately no. >-c, 

crd similar outstanding advances in what r^> he co. - 

■d to be the fundamental aspect of the suh;-^,. n-tn .. . 
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the chemical nature of the substances that are directly 
responsible for the strict specificity of tissue cells and tissqe 
fluids. 

Many workers have at one time or another attempted to 
isolate the blood-group antigens from human erythrocytes 
but it may be said that, in general, these attempts have failed. 
The work has proceeded mainly along two lines : the extrac- 
tion of the cells or stromata with simple aqueous reagents, or 
with organic solvents. In no instance has the isolation of any 
of the blood-group antigens from erythrocytes been recorded 
but, on the_ other hand, substances have often been isolated 
which, though devoid of antigenic power, have shown intense 
blood-group specificity. • 

Alcohol-Soluble Blood-Group Substances 
The earliest observations dealing with this aspect of the 
subject were those of Schiff & Adelsberger (1924) and of 
Landsteiner & van der Scheer (1925), who obtained non- 
antigenic group-specific substances by extraction of erythro- 
cytes with alcohol. Hallauer (1934); using a similar technique, 
described the isolation of specific non-antigenic substances 
from all three (A, B, O) blood groups. Apart from the con- 
clusion based on a few qualitative tests that the specific sub- 
stances are largely carbohydra'te, the chemical nature of these 
immunologically activefactorswasnot determined. The com- 
position of the specific material isolated by Hallauer, which 
is very similar for each specific blood group examined, was 
43-46%C, 7-8-5% H, 6-8-7-0%N, 15-21 % P. The high 
F content, if present as P in organic combination, is of con- 
siderable interest but, so far, no further details have been 
given and no confirmation of these important observations 
has been forthcoming. More recently Stepanov, Kusin, 
Makajeva & Kosjakov (1940) have also described the isola- 
tion of specific group substances from erythrocytes -by means 
of alcohoUc extraction. Although these substances give 
strong in vitro reactions with the homologous immune-serum 
produced by means of the corresponding erythrocytes or 
stromata, the alcohol-soluble material is itself devoid of 
antigenic properties. 

Wafer-Soluble Blood-Group Substances 
The occurrence of the blood-group substances in a water- 
soluble form in the tissue fluids and secretions of the body has 
been known for many years and an examination of the ex- 
tensive literature on the subject shows that an insight into the 
chemical nature of the specific A, B and O group substances 
has been' attained almost entirely through studies on these 
water-soluble group components. 

Blood Group A-substances from Peptone, Pepsin and 
Gastric Mucin from the Pig 

An early observation of Schiff (1930) revealed that com- 
mercial peptone contains a substance which inhibits the 
hffimolysis of sheep erythrocytes by an immune-serum to 
human erythrocytes belonging to group A. The isolation 
and characterisation of the specific group A-substance from 
peptone was reported by Goebel (1938), who showed that 
the substance is largely composed of a polysaccharide which 
is rich in glucosamine. The purest specimens obtained, how- 
ever, still showed a weak biuret reaction indicating the 
presence of protein or of some kind of amino-acid complex. 
The A-substance contained 45-46 % C, 6-7 % H, 5-6 % N 
and 9-10% acetyl, and showed a weak dextro-rotation 
t“] 54 oi + 10°. An A-substance, probably identical with 
the A-substance obtained from peptone, has been isolated 
from commercial pepsin by Landsteiner & Harte (1940), and 
by Meyer, Smyth & Palmer (1937) as the result of their work 
on the glyco-proteins that are present in the gastric mucosa 
of the pig ; - these workers isolated from this tissue a poly- 
saccharide which possesses intense A-activity and which con- 
tains £(-galactose and N-acetylglucosaraine in equimolecular 
quantities. Stacey (1943) has stated that the A-substance 
isolated from commercial pepsin contains cf-mannose and 
/-fucose in addition to cf-galactose and N-acetylglucosamine, 
but details of this work have not yet been published- The 
frequency with which the purified A-substance obtained from 
different sources was found to give a positive test for protein 
or for single amino-acids indicated that an amino-acid com- 
plex might be a true component of the specific A-substance. 
Landsteiner ^ Harte (1940) followed this clue by examining 
with more care the non-hexosamine nitrogenous constituents. 


and found that the products of acid hydrolysis of the A-sub- 
stance contained 35-^0 % of the total nitrogen in the.form of 
amino-acids ; arginine, histidine and possibly alanine were 
identified by simple colour reactions. The analytical figures '/■ 
found for the composition of the A-substance isolated from /v 
peptone, pepsin and gastric mucin of animal origin are almost > ■ 
identical. It seems probable that the A-substance in peptone ''f 
is derived from the pepsin used in its preparation. Similarly > 
the A-activity shown by commercial pepsin is most probably > 
due to its content of A-substance derived from pig gastric 
mucin. 

In most of the earlier work the activity of the A-substance V 
isolated from different .sources was determined by means of 
the haemolytic inhibition test, with the result that the destruc- ^ 
lion of an important serological property of the native A-sub- ^ 

stance, the power to inhibit A-isoagglutination, was over- > 
looked. Landsteiner' & Harte (1940) observed that treat- - 
ment of the crude A-substance with formamide at 150° C. 
for 1 hour according to a technique introduced by Fuller 
(1938) for the isolation of bacterial polysaccharides, gave 
rise to a purified A-substance which showed only a fraction 
of its original power to inhibit isoagglutination, whereas its 
capacity to inhibit the haemolysis of sheep cells by an aiiti-A 
rabbit scrum was actually increased beyond the original value. 
These and other observations indicated that a carefully con- " 
trolled isolation procedure must be used if the blood-group 
complexes arc to be obtained in their “ native ” condition, 
that is, with their chemical, physical and immunological pro- 
perties unchanged. Fortunately, considerable experience ' 
with a closely related problem, the isolation of certain labile 
bacterial antigens (Morgan, 1937; Morgan & Partridge, 
1939, 1940, 1941, 1942) became available a few years ago, 
and the application of this knowledge has enabled methods 
to be elaborated whereby the specific group A-substance can ; 
be isolated from commercial pepsin and crude gastric mucin 
and yet retain its original power to inhibit A-isoagglutination ■ 
largely um'mpaired (Morgan & King, 1 943). The A-substance " 
prepared by these methods is similar in composition to that 
described by Landsteiner & Harte (1940), but differs from it j 
in a number of important physical and immunological pro- ; 
perties. The material shows not only a high serological j 

activity as determined by the inhibition of isoagglutination • 

but also the high viscosity that is so characteristic of native ' 
gastric mucin. Furthermore a 1 % solution of the A-sub- 
stance possesses the property of forming an elastic gel on the 
addition of borate buffer at pH 8 • 5. This property is readily 
lost on heating the A-substance in neutral, acid or alkaline 
solution at 100° C. for a few minutes, and it has-been found 
that the addition of the buffer to a 1 % solution of the A- 
preparation reveals at once, according to the formation or 
othenvise of the elastic gel, whether the material has been 
degraded during the course of its preparation. In addition 
to the rapid decrease in the viscosity of the A-substance that 
is brought about by heating solutions of the substance, there 
occurs at the same time a steady fall in the ability of the 
preparation to inhibit the isoagglutination of the A-cells by 
natural human anti-A (a) agglutinin. In order to avoid these 
irreversible changes it is essential that only the most gentle 
methods of isolation should be employed. 

The undegraded A-substance isolated by Morgan & King 
(1943) from crude pig gastric mucin shows two other im- 
portant properties that are absent from material prepared by 
methods that involve heating the mucin or pepsin in forma- 
mide or in dilute sodium carbonate. One characteristic 
property retained by the undegraded A-substance, which is 
itself without antigenicity, is its power to combine with the 
protein component of the somatic O antigen of Bact. shig^ 
to form an antigenic complex that gives rise to extremely 
potent and specific anti-A immune-body in the rabbit (Morgan 
1941, 1943). The other property shown by the unde^ded 
A-substance is its capacity to function as a bacterial “ viru- 
lence enhancing ” agent in the same manner as the 
gastric mucin of the pig. Both these properties are readiy 
lost if the A-substance is heated or treated in any way that 
will destroy its viscosity or its capacity to inhibit A-isoaggla- 
tination, even when the power of the resulting material to 
inhibit the ha;molysis of sheep cells- by anti-A serum is com- 
pletely retained. The retention of these important propertcs 
of the native A-substance. by carefully purified preparations 
completely justifies the extra trouble involved in the isolation 
of the blood-group substance. , „ 

The undegraded substance shows a high viscosity, i), 
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at a concentration of 0-5 % in saline. A typical analysis of 
the substance gave 45% C, 6-5% H, 6-0% N and 10% 
CHjCO, and the material was found to be essentially homo- 
geneous' when e-xamined at pH 4-0 or 8-0 in the Tisclius 
electrophoresis apparatus. Hydrolysis of the A-substance 
with 6N HQ gives rise to about 50 % reducing sugars, 27 % 
hexosamine, 4-5% a-amino N (\^an Slyke), and 2-2% 
ii-avnino acid K. Treatment of the active material with 0 • 1 N 
sodium carbonate at 100° C. causes the complex to break 
up in such a manner that part of it will readily dilTusc through 
a cellophane membrane while about two-thirds of the total 
material remains indiffusible. The amino-acid components 
are almost completely retained by the membrane and arc 
still associated with a carbohydrate structure. The indifiu- 
siblc complex, — 20°, is practically non-reducing, is 
electrophoretically homogeneous and possesses less than 1 % 
of the original serological activity. The diffusatc, however, 
shows strongly reducing properties without further acid 
hydrolwis and gives an immediate colour with Ehrlich’s 
reagent, thus indicating the presence of an oxazole structure 
which has most probably been formed by the action of the 
alkali on an N-acetyl hexosamine molecule that possesses a 
freeredudng group at C atom 1 (Morgan & Elson, 1934; 
Morgan, 1936). The alkali-labile linkages in the original 
A-substance are presumably a part of those glycoside linkages 
that join the C atom 1 of the N-acctylhcxosaminc molecules 
to other components of the A-complex. The diffusible 
material contains a considerable amount of N that is not 
accounted for as hexosamine-N or a-amino acid N. The 
results so far obtained seem to indicate that some but not 
all of the N-acetylhexosamine molecules contained within 
the A-substance are joined at C atom 1 to the amino-acid 
components of the serologically active complex. 

A preliminary qualitative examination of the amino-acids 
present in the products of acid hydrolysis of the A-substance 
has been made by means of the chromatographic method 
descried by Consden, Gordon & Martin (1944). At least 
15 arnincracids are present as components of the A-complex 
and it seetns probable that threonine and hydroxyprolinc 
fK present in higher concentrations than are normajly found 
in proteins. Cystine appears to be absent. Thc*isoIation 
of threonine from A-substance has been described by 
Freudenberg, Walsh & Molter (1942), 


Blood-Group Substances from Human Sources 
. The difficulty of obtaining sufficient group-specific sub- 
stani^ from human erythrocytes fordetailed immunochemical 
studies has forced workers in this field to consider human 
isOTe fluids and secretions as a source of the specific group 
substances. The capacity of certain individuals to secrete 
in their tissue fluids substances that possess a serological 
s^ficity very similar to or identical with their specific 
■ substance is now generally recognised. Those 

secrete their blood-group substances in a 
wVi in the tissue fluids are termed “ secretors,” 

ereas those who do not secrete the active factors are called 
non-secretors.” It has been established that the presence 
in tb water-soluble specific blood-group substances 

bv / ^*^Pnns and tissue fluids of an individual is controlled 
™ sene S, dominant in effect, which allows the 

linv, specific substance. There is no evidence of 

character “ secretor ” and any of the A, 

« and 0 Wood groups. 

^ result of the detection of the specific blood- 
earlv ™ human urine by Yosida (1928), several 

made to isolate the specific substances 
materia/ apart from demonstrating that the active 

largely polysaccharide in nature and contains 
in little progress was made 

Indeed chemical nature of the group substances, 

substance/^ Possible to differentiate chemically between 
to groups individuals belonging 

as a sourrp ’ A serious disadvantage in using urine 

of the w I ■ ^ specific substance js its very small content 
startino active factor, and work on urine as a 

Itas now been largely abandoned. 

* Klendshoj (1940) reported the 
juice but apB* ^ tilood-group B substance from human gastric 
possessed from showing that the material isolated 

to 75 y of ° ^-specific serological activity and gave rise 
° ncing sugars on acid hydrolysis, the results 


gave little information concerning the chemical properties of 
this important substance. Material, 13-5 mg., containing 
about 1-5% N was isolated from IIO ml. of gastric juice. 
Wilebsky & Klendshoj (1941) have also described the isola- 
tion of a specific O-subsfance from human gastric juice. 
Owing to lack of material, detailed chemical examination of 
the specific substances was not possible. 

Sa/i'ya : Specific blood-group substances have been 
obtained from human saliva by Landsteiner & Harte (1941) 
who recovered about 15 mg. of active substance from 500 ml. 
portions of the secretion. On a dry-weight basis, the sub- 
stances were at least 50 times as active as the total solids in 
the saliva. The preparations made from the saliva from 
" secretors ’’ belonging to groups A, B and O showed little 
difference chemically. The materials contained about 
5‘5% N, 2-5% a-amino-acid N, 21-23% hexosamine and 
gave 45-48% reducing sugar after acid hydrolysis. The 
Millon test for tyrosine, Ehrlich test for tryptophane with 
/7-dimclhyIaminobenzaIdehydc, and the lead test for sulphur 
were negative. Distinct reactions were obtained with diazo- 
tized sulphanilic acid and for arginine by means of Sakaguchi’s 
test. 


Pscudo-mucinous ovarian cyst fluids : The concentration of 
the active factors in saliva and gastric juice is high when com- 
pared with that of many other tissue fluids and secretions, 
but even here the active substance represents only a small 
part of the total solid matter of the secretions, which are, 
moreover, difficult to obtain in useful quantities. In certain 
instances, however, mucilaginous fluids accumulate in man 
as a result of pathological changes or of tissue overgrowth, 
and the knowledge that pseudo-mucinous ovarian cysts arc 
of frequent occurrence prompted Morgan & van Heyningsa 
(1944) to examine the fluid contents of these pathological 
overgrowths for blood-group substances. An examination 
of 50 pseudo-mucinous cysts revealed that, when these cyst 
fluids were obtained from women who possess the power to 
secrete their specific blood-group substance in a water- 
soluble form, the fluids are a convenient and potent source 
of the group-specific substances A, B and O. Cyst fluids 
vary in volume from 100 ml, to about 6 litres, and individual 
cysts from secretors belonging to group A have frequently 
been found to contain several grammes of the A-substance, 
which can be obtained pure by methods similar to those 
elaborated for the isolation of the A-substance from gastric 
mucin of the pig. The activity of -the native cyst fluid was 
compared with that of known specimens of salivas on a dry 
weight basis by Morgan and van Heyningen, who showed 
that cyst fluids belonging to group A may contain up to 
-oncTuindred times as much specific substance per ml. as is 
contained in the same quantity of a good specimen of A-sa!iva. 

The A-substance present in the pseudo-mucinous ONxyian 
cysts of secretors belonging to group A has been isolated ly 
King & Morgan (1944) and its properties have been examined. 
The electrophoretically homogeneous substance contains 
44-45 % C, 6-7 % H, 6 0 % N, 10 % CH,CO and is weakly 

dextro-rotatory Wsisi +'''’• 

to about 50% of reducing sugars, 25% hexosamm^ 4 

of a-amino N (Van Slyke) and tad blm 

A-substance behaves with dilute alkali exactly as h . 
described for the A-substance from gastric mucin of the pig. 

The act ve cyst fluids from secretors belonging to groups 
filSd O offe^fconvenient source for the isolation of the 
L ABhOPgh this h.s no. yet b» 

satisfactorily accomplished, Prebmmaty experiments ha 
S“.n .L <h=« is a good oh.n» oj S' 

fluids B- and O-substances m useful quantities. --(.s-nt 

S/scovered Rhesus (Rh) factors do not ap^r m b. pres-n, 
in significant quantities as water-soluble comp 

fluids obtained Similarly the ‘m and 

the blood groups ARh, B^ and ^ jargrlv 

N factors, as sveU as the Rh the tissue fluids 

in the erythrocytes, and are no P . g. xribulev. 

and secretions in a water-soluble fo ^ J ,q,, . 

1940; Wiener & Forer, 1941, Leunc cc 
■Rnnrman & Dodd, 1943 ). 


An Artificial Blood-Group 

le results of investigations so far r^-n•.cta. hoc 

substance present mu’cino'us orarian 

ic mucin, human sah'xt ° charactcnsucs c. 
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the specific blood-group A-substance, is a polysaccharidc- 
amino-acid complex. The undegraded substance is not 
antigenic by the ordinary tests, but possesses intense A-specific 
serological activity and is able to inhibit in extremely small 
amounts the agglutinating action of human anti-A (a) agglu- 
tinin on group A erythrocytes. The predominantly poly- 
saccharide nature of the serologically active complex made 
it probable that it could be converted into an antigen showing 
A-specificity by means of a simple method originally used 
to convert certain non-antigenic specific bacterial polysac- 
charides and plant polysaccharides, such as agar, gum arabic 
and cherry gum, into antigenic complexes. These artificial 
antigens give rise in the rabbit to immune-body that is specific 
for the polysaccharide component of the antigenic complex 
(Morgan & Partridge, 1940, 1941 ; Partridge & Morgan, 
1940, 1942). 

The artificial complex can be made by simply mixing an 
aqueous solution of the A-substance with an alkaline solution 
of the conjugated protein component of the O somatic antigen 
of Bact. shigee or Bact. typhosiim. The addition of acid to 
the mixed solutions to yield a final pH of about 4-5 gives rise 
to the water-soluble antigenic complex. Three intravenous 
doses, each of 0-05 or 0-5 mg., of the artificial complex will 
usually give rise to potent anti-A immune-body in those 
rabbits that already possess a natural but low titre anti-A 
agglutinin. A typical immune-scrum of this type will 
agglutinate Aj and AjB cells at a dilution of 1 : 25,000 to 


1 : 50,000 and Aj and AjB cells at 1 : 2,000 to 1 : 5,000, whereas 
B cells are agglutinated at a dilution of 1 ; 25 to 1 : 100 and 
O cells at less than 1:10. In most instances the immune- 
body produced is largely common a in character. Potent 
immune anti-A sera engendered by the artificial complex 
have proved to be of value in the technique of differential 
agglutination, and, apart from their use as blood-grouping 
sera, are useful reagents for the detection of weakly reacting 
erythrocytes belonging to sub-groups of the A-agglutinogen. 
In the light of these results there seems to be no reason why 
the water-soluble non-antigenic B- and 0-specific substances 
present in human tissue fluids and secretions should not also 
be converted in B- and 0-agglutinogens. 

Increasing knowledge of the chemical and immunological 
properties of the specific group substances of erythrocytes, 
tissue cells, and fluids will provide a sounder basis for carry- 
ing out procedures such, for example, as the removal of un- 
wanted isoagglutinins in human serum and plasma, the 
neutralisation in vivo by group-specific haptens of maternal 
isoagglutinins that give rise to foetal death, the selection of 
erythrocytes that will survive longest after transfusion, and 
the choice of suitable cells for tissue transplantation. The 
success of these procedures depends upon the correct applica- 
tion of an exact and detailed knowledge of specific chemical 
and immunological relationships. An almost inexhaustible 
field of biochemical investigation on group antigens and 
specific blood-group substances awaits exploration. 
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RECENT WORK ON ANEMIAS 


C. J. C. BRITTON, M.D., D.P.H. 


During the war steady extensions have been made in our 
knowledge of the anmmias. There has been, perhaps, only 
one dramatic advance and that is the elucidation of the 
aetiology of erythroblastosis fcetalis. 


Hypochromic Anaemias 

Studies have recently been made in Britain by Davidson, 
Donaldson, Dyar, Lindsay & McSorley (1942, 1943, 1944), 
Wills, Mackay, Bingham & Dobbs (1942) and others on the 
wartime incidence of iron-deficiency anaemia. There appears 
to be a definite increase of anaemia, particularly in older 
children, and this has been related to the wartime diet. The 
importance of first-class proteins in the treatment of iron- 
deficiency anxmia has been rather neglected for some years 
except for the writings of Bethell (1936), but the work of 
Hahn & Whipple (1939) on dogs made anmmic by numerous 
bleedings at short intervals showed that, even in the presence 
of a large excess of iron, a low protein intake prevented the 
production of an adequate amount of globin and therefore 
of hemoglobin. A case of severe microcytic hypochromic 
anemia of long duration recently treated by the 
writer gave a similar result. This patient showed only slight 
hemoglobin production on intensive iron therapy, with or 
without vitamins and chlorophyll, bvt the institution of a 


very high protein diet caused a reticulocyte crisis and led to 
rapid recovery. 

Much work has also been carried out over the last 10 years 
on the mechanism of absorption of iron, but space does not 
permit reference to more than a few of the papers on this 
subject. Whipple and his colleagues at Rochester, N.Y., 
have gained interesting information by the administration 
or radioactive “ tagged ” iron. Most of the experiments have 
been carried out on dogs, but clinical experiments in man 
where possib'e have given similar results. Thus Hahn, 
Bale, Ross, Balfour & Whipple (1943) found that the normal 
non-anEemic animal absorbs little iron, but that chronic 
anaemia due to blood-loss increases the absorption of iron 
by 5-15 times. Acute anemia by rapid blood-loss does not 
at once increase the rate of iron-absorption : the iron stores 
of the body are first depleted and only after several days does 
iron-absoiption increase. Gastric, duodenal and jejunal 
experimental pouches all show active iron-absorption. 

To the number of substances which can hinder the absorp- 
tion of iron from the bowel, McCance, Edgecombe & 
Widdowson (1943) have recently added phytic acid, which 
is present in whole cereals, e.g. brown bread. This substance 
causes the formation of insoluble iron phyiate which passes 
through the bowel unchanged. 
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Pernicious Ansmia 

The work of Fox & Castie (1942) on setiology is a real 
advance and helps to correlate the pathological findings in 
the stomach in pernicious ana:mia with the site of production 
of the intrinsic factor. These workers used desiccated pre- 
parations from various parts of the human stomach in the 
treatment of this condition and showed that the intrinsic 
factor was produced in the human fundus and cardiac region, 
and not, as in the pig, in the pyloric region of the stomach. 
This explains many points which were previously obscure — 
e.g. why no intrinsic factor is present in duodenal secretion, 
and why pernicious anasmia is very rare after partial gas- 
trectomy. 

With regard to treatment, it is being generally recogm'sed 
that although the typical cases — the vast majority — of per- 
nicious anemia in Britain do well on highly purified liver 
extracts, nevertheless a definite proportion of cases met with 
do not do well unless one of the more crude fiver extracts Is 
used. The proteolysed fiver extract described by Davis, 
Davidson, Riding & Shaw (1943), and now commercially 
available, is of particular value In some of these resistant cases. 

Dyke, Della Vida & Delikat (1942) have observed the 
tendency of patients with pernicious ansmia in wartime to 
relapse in the Spring. They concluded that this was due to 
lack of vitamin C, as they found that these patients could be 
maintained on the same dosage .of fiver extract if a supple- 
ment of vitamin C was given at the relevant season. 

Anemias of Pregnancy 

Many papers have been published on this subject in the 
past few years in Britain and also in India and Africa. 
Elliot (1944) has recently proposed a classification of these 
ansmias in the fight of his own and other findings. While 
no great advances in knowledge have been made, the follow- 
ing generalisations may be fisted. The most common type 
of anasmia during- pregnancy in any country would appear 
to be the hypochromic type, largely caused by a deficiency of 
intake of .foodstuffs rich in iron. The macroc 3 tic t 3 Tpe ap- 
pears to be more common in tropical than in non-tropical 
countries, but does occur in Britain, as the 80-100 cases 
recorded in the last two years show — e.g. Fullerton (1943), 
Miller & Studdert (1942). In most of these cases there has 
also been evidence of iron deficiency. The cause of the 
macrocytic anremias is complex. In some cases there is a 
temporary failure of production of intrinsic factor in the 
stomach, as shown by Strauss & Castle (1933). In others a 
failure of intestinal absorption, or more frequently a dietary 
deficiency of extrinsic factor aggravated by vomiting or 
atjoreria is present. Bethell, Gardiner & MacKiruion (1939) 
attribute some of the milder forms to low-serum proteins 
due to a protein-deficient diet and Chatterjee (1940) has 
found the blood cholesterol to be very low and reports 
benefit from intramuscular injections of cholesterol in olive 
oil. In some cases it appears that the macrocytosis is a 
“ pseudomacrocytosis ” and that the anremia is due to an 
acute haemolytic process. 

_ In most cases, treatment with parenteral fiver extract, par- 
ticularly the less purified forms, rapidly brings about con- 
siderable improvement and the patient satisfactorily comes to 
-term. Occasionally some cases become hypoplastic and need 
repeated transfusion. Iron also should always be prescribed. 
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Hamolytlc Aiuemlas 

It is now generally believed that only a very small per- 
centage of cases of acquired acholuric jaundice are aberrant 
forms of the familial type. From acquired acholuric jaundice 
Dameshek & Schwartz (1940) and Singer & Dameshek (1941) 
have differentiated a group of cases under the heading 
“symptomatic h$molytic anremia,” where a cause or at 
least a predisposing cause, such as carcinomatosis, Hodgkin’s 
disease, etc., is present. This subject has been reviewed at 
length by Davis (1943), who has suggested a provisional 
classification of these ansmias. The term “ acquired 
acholuric jaundice ” is now usually replaced by the names 
subacute or chrom'c idiopathic hemolytic an$mia. Most 
of these cases show macrocy^tosis, but erythrocyte fragility 
and microspherocytosis are variable. 

Cases continue to be recorded of acute h$molytic anasmia 
following various sulphonamides, but these are extremely 
few in relation to the number of patients treated. The 
prognosis is good. 

The elucidation of h$molytic disease of the newborn 
(erythroblastosis foetalis) has been the most outstanding 
haematological advance of recent years. The immunisation 
of an Rh-negative mother by an Rh-positive foetus, with later 
destruction of the foetal erythrocytes and damage to foetal 
tissues by the maternal anti-Rh antibodies so formed, is the 
most important cause of this disease. It must, however, be 
remembered that, extremely rarely, the ABO blood groups 
and other factors may be of ffitiological significance. This 
subject is reviewed in more detail elsewhere,* so will not be 
further considered here. 


Aplastic and Hypoplastic Anxmias 

There is little doubt that these types of ansmia are becoming 
more prevalent. They constitute the - most important 
members of the group of diverse conditions named “ re- 
fractory anaemia ’’ by Bomford & Rhoads (1941). Davidson, 
Davis & Innes (1943) have recently discussed a number of 
cases. 

Many cases of aplastic or hypoplastic ansmia occur as 
the result of proven exposure to toxic substances, but the 
idiopathic type is becoming increasingly common. The 
treatment consists of two chief parts ; first, the erythrocyte 
count is maintained at an adequate level by blood transfusions, 
which are repeated as often as necessary imtil the hypoplastic 
bone-marrow resumes its full hemopoietic function. In this 
connection it is necessary to stress the importance of accurate 
cross-typing by the tube or other delicate method in order 
to detect the presence of any atypical antibodies produced in 
the patient’s serum by the reputed transfusions. Secondly, 
it is usual to ensure the presence of adequate amounts of all 
the hemopoietic factors by the administration of iron, fiver, 
vitamin C and a diet containing plenty of good protein. 
In a certain percentage of cases after weeks, or even several 
months, the bone-marrow function may return to normal. 
If there is no improvement within six months, Whitby & 
Britton (1944) recommend splenectomy and record at least 
five successful results. 
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CLINICAL IL^MOGLOBINOMETRY 


HAROLD SCARBOROUGH, M.B., Ph.D. 


Although the estimation of hemoglobin is one of the oldest 
most commonly employed of all laboratory metliods in 
clinical medicine, -there can be few that are carried out with 
less precision. This is not entirely due to fundamental 
defects of the methods themselves, but often to technical 
carelessness, to inexact and sometimes grossly inaccurate 
apparatus, and to the lack of suitable agreed standards to 
which the results can be referred. Since the development of 
the Gowers htemoglobinometer in 1878, modifications of this 
instrument have been in constant use and the results have 
hitherto been considered satisfactoty for clinical purposes. 
In recent years, however, the determination of hemoglobin 
ha? been used as an index of shock and in the assessment 
of nutrition. To satisfy these demands and those of a higher 
standard of hematological investigation, a greater degree of 
accuracy than was hitherto considered necessary has been 
required. This has led to an increased interest in the prin- 
ciples upon which the methods are based, upon the nature 
of the technical procedures involved, and upon the standards 
of normality to be adopted {Medical Research Council, 
1943). 

A method which is to prove generally useful in clinical 
medicine must combine accuracy with speed and simplicity. 
Methods based upon the iron content of blood or upon its 
oxygen capacity as well as those involving the use of com- 
plicated and expensive instruments must, therefore, be 
reserved for research purposes and for the standardiaation 
of apparatus. With the advent, in recent years, of the cheap 
photoelectric cell, however, certain types of photoelectrie 
colorimeter such as those described by King (1942) and by 
Bell & Guthmann (1943) are likely to be more generally used. 
The benzidine method of Wu may have a special sphere of 
usefulness in that it is said to measure all forms of hrcmoglobin 
in as small a quantity of blood as 0-001 cm.^ with an accuracy 
of ± 4 % (Bing & Baker, 1931 ; Bing, 1932). From 2-12 % 
of the circulating hsemoglobin in apparently healthy persons 
may be present in an “ inactive ” form, probably as metha;- 
“oglobin (Ammundsen & Trier, 1939; Ammundsen, 1941), 
id as much as 5 % may be combined as carboxyhaimoglobin 
the blood of heavy smokers. Methtemoglobin and sulpha:- 
oglobin are frequently found in the blood of patients to 
horn sulphonamide drugs have been administered. A 
litable method should therefore include all these forms of 
emoglobin and should be applicable to small quantities 
■ blood obtainable without venipuncture. By reason of 
e fact that the blood of infants contains a form of hsemo- 
„.obin whose oxygen "dissociation curve differs from that 
of normal hsemoglobin (McCarthy & Popjak, 1943) and 
which is “ alkali-resistant ” (Brinkman & Jonxis, 1935), the 
determination of haemoglobin concentration in infants may 
present special difficulties. 

A number of methods is available which fulfil many of 
these requirements. The basis of all of them is the colour 
of oxyhtemoglobin or of one of its derivatives and, accord- 
ingly, they all depend upon the Beer-Lambert law which 
implies that, if the thickness of a layer of a coloured solution 
is maintained constant, then the concentration is propor- 
tional to the colour (or the extinction coefficient). Before 
this law can be used as the basis of hsemoglobinometry, how- 
ever, a standard is required with which the colour of the 
unknown solution may be compared. The ideal standard 
would.be derived from pure crystalline human hremoglobin 
but, as this has so far not been available, an indirect method 
muk be used instead. This is a grave disadvantage and gives 
rise to a number of difficulties which cannot be discussed here. 
It may be said, however, that no completely satisfactory 
standard has yet been devised. 


Colour Standards 

i Oxyhcemoglobin : The first haemoglobinometer devised 
by Gowers (Gowers, 1878) enpk.-ed a dilute solution of 
blood compared against a standard solution of picrocarmine. 
Because of the difficulty of the visual comparison of these 
colours, this method has been abandoned It has been shown 
that the colours of solutions of oxyhtcmoglobin are propor- 
tional to their concentrations over a rar.^e of dilution from 
1 in 1 to 1 in 5,000 (Newcomer, 1919 ; Hohday, Kemdge 
& Smith, 1935), and recently such solutions have been used 
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with satisfactory results in photoelectric colorimeters such 
as those described by Holiday, Kerridge & Smith ( 1935 ) and 
by Bell & Guthmann (1943). These methods, however do 
not include derivatives other than oxyhremoglobin and may 
give fallacious results if the concentration of other hm 
pigments is high. 

ii. Cyanmethcemoglobin (Stadie, 1920) : This method has 
been extensively studied by Drabkin & Austin (1935) and 
adopted by Evelyn & Malloy (1938) for photoelectric use. 
It includes mctha:moglobin and is simple, easy and accurate! 
It is described by King, Gilchrist & Deloiy (1944) as “the 
method of- choice for research purposes ” but is unsuitable 
for clim’cal use by reason of the toxic reagent required- 
potassium cyanide. 

iii. Pyridine-hcemochromogen (Rimington, 1942) : This 
method possesses the great advantage that the standard is 
pure crystalline hmmin which is easy to prepare (Gattermann, 
1934) and is available commercially.* It is, however, 
regarded as unsuitable by King, Gilchrist & Delory (1944) 
because the rate of colour development is not identical in the 
lest prepared from blood and in the standard. All haem pig-, 
ments are included and the method is said to be rapid and 
precise when special apparatus is employed (Rimington, 

1942) . A satisfactory degree of accuracy for clinical pur- 
poses may, however, be achieved very simply by using a 
hand spectroscope as originally recommended by Roets 
(1940). The unpleasant smell of the pyridine will, however, 
be regarded by many as an insuperable objection. 

iv. Acid hccmaHn : Originally described by Sahli (1889), 
this method has become very popular because of its con- 
venience. A large number of different instruments has been 
devised for making the colour comparison and there are 
almost as many artificial standards, many of which are un- 
satisfactory and all of which require independent standardisa- 
tion. The method, though rapid and simple, is erratic and 
cannot be regarded as satisfactory. The acid hasmatin is 
not in true solution (Barcrofl, 1928) and turbidity or actual 
precipitation may occur. The maximum colour is not de- 
veloped for over 40 minutes (Newcomer, 1919) and the 
velocity of the colour reaction is not constant. These diffi- 
culties may be reduced by heating the solution (Ashford, 

1943) . Protein, lipoid, bilirubin and other constituents of 
plasma affect the result (Wu, 1 922). Furthermore the colours 
are not easily matched and the personal error may be as high 
as dh 10 % (Heilmeyer & von Mutius, 1938). Some of the 
difficulties of this method have been dealt with recently by 
Alstead (1940).' The presence of carboxy- and methsmo- 
globin in the blood exerts a pronounced effect on the colour 
development. If arrangements for an acid hrematin htemo- 
globinometer to be standardised by the British Standards 
Institute should mature {Medical Research Council, 1943) 
some of the present anomalies may be removed. 

V. Alkaline hiematin (Wu, 1922) : Recent work by Clegg & 
King (1942) shows this method to have considerable promise. 
It includes all hsm compounds (including sulphasmoglobin) 
and is not significantly influenced by constituents of theplasma 
since the strong alkali has a solvent action on protein and 
lipoid. The alkaline haematin is in true solution. The colour, 
which is fully developed within 5 minutes in a boiling water 
bath, however, is not so deep as that of acid haematin (Ash- 
ford, 1943) and a colorimeter or photometer is desirable for 
matching against a standard prepared from crystalline 
htemin. A dilution h$moglobinometer of the Sahli type 
may, however, be adapted by substituting for the standard 
a tube of alkaline haematin (Clegg & King, 1942). In a 
recent investigation. King, Gilchrist & Delory (1944) found 
that on 20 normal bloods the standard deviations from iron 
analyses and oxygen capacity determinations respectively 
were — alkaline htematin 2-33 and 2-26%; cyanmethaemo- 
globin 1-25 and 2- 18 % ; carboxyhaemoglobin (photometnc) 
1-70 and 2-49%; carboxyhcemoglobin (Haldane dilution 
tube) 3-02%. 

vi. Carboxyhcemoglobin (Haldane, 1901 ; Palmer, 1918) • 
This method is very widely used in Britain. Visual colonr 
metry is easier with this colour than with any other h$m 

* [It may be obtained from British Drug Houses Ltd.] 


pigrntat (Medical Research Council, 1943). MethEemoglobin 
and iulphsmoglobin are not measured, but the former may 
be included by preliminary reduction with sodium hydro- 
sulphite. One of the chief causes of the unreliability of 
values for haemoglobin concentration lies in the survival of 
the dilution colorimeter which has long since disappeared 
from all other biochemical, estimations. Dilution colori- 
metry lends itself to a high degree of personal error, and in 
the interests of speed, convenience and accuracy, should be 
replaced by a constant dilution method. However, in 
careful hands it is probably true that the ultimate limit of 
visual colour discrimination (± 2 %) can be reached with a 
Haldane-Gowers type of hsmoglobinometer (Donaldson, 
Harding & Wright, 1943). The standard in this type of 
instrument is a dilute solution of blood, with an oxygen 
capacity before dilution of 18-5 volumes per cent, by the 
Haldane method (1899) thoroughly gassed with CO (Donald- 
son, Harding & Wright, 1943). This standard is remarkably 
permanent, havmg been kept unimpaired for 4-5 years 
(Donaldson, Harding & Wright, 1943) or even for as long 
as 30-40 years (Donaldson, Harding & Wright, 1943 ; 
Plesch, 1941). 

In order to obviate the difficulty of obtaining “ standard ” 
blood, the Haldane Standard has now been defined in terms 
of colour on the Commission intemationale de I’Eclairage 
(CJ.E.) trichromatic scale (1931), and this has resulted in 
the British Standards Institution (B.S.I.) specification B.S. 
1079 : 1942.* In addition, the forms of pipyettes, dilution 
tube and colour tube have been accurately defined and may 
be standardized by the British National Physical Laboratory. 
The hsmoglobin equivalent of the B.S.I. Haldane colour 
standard has now been evaluated (Macfarlane & O’Brien, 
1944 ; King, Gilchrist & Matheson, 1944) as equivalent to 
an oxygen capacity of 19-7 ± 0-2 ml. oxygen per 100 ml. 
blood and to an iron content of 49 ±0-8 mg. iron per 100 ml. 
The definition of the standard in terms of colour, the stand- 
ardization of all apparatus and the observations set forth in 
Recommendations of standard methods for clinical determina- 
tion of hamoglobin (Medical Research Council, 1943) should 
ensure a higher degree of accuracy in the determination of 
hsmo^obin concentration. 


Council, 1943), many clinical workers find it impossible to 
achieve this degree of accuracy. The sorts of errors which 
can occur in clinical practice with old and imstandardized 
apparatus have been reported on by Hay (1943). There can 
be no doubt that the further development of photoelectric 
methods ofiers the most hopeful line of advance for the 
assessment of the actual colour of the compound chosen and 
so for the concentration -of hemoglobin in solution. Many 
of the difficulties inherent in photoelectric estimations are 
overcome by using the Brice (1937) balanced circuit as 
described by Reeve (1944). Some of these difficulties have 
been referred to by Peterson & Strangeways (1944). It 
must be remembered, however, that the presence in the sample 
of different hemoglobin compounds with differing absorption 
spectra may interfere with the direct relationship between 
light absorption and hemoglobin concentration and, secondly, 
that other materials such as constituents of plasma, slight 
turbidity of the solutions, etc., may significantly affect the 
result. A simple, rapid and trustworthy photoelectric 
method for the determination of hemoglobin has recently 
been described by Reeve (1944). By utilizing the total 
absorption of hemoglobin and oxyhemoglobin in the green, 
this method achieves an accuracy of ± 2 % hemoglobin. 
If hemoglobin pigments be converted into cyanhemoglobin 
the procedure becomes more sensitive — ?l change of 0-5% 
can be detected with average care. The presence of relatively 
large amounts of sulphemoglobin, which is not convertible 
to cyanh$moglobin, affects the result, but the presence of 
such amounts is detected during the estimation. 

Finally it should be mentioned that the practice introduced 
by Hayem of expressing the hsmoglobin concentration as a 
percentage of an arbitrary normal figure has led to much 
confusion by reason of the fact that concentrations of haemo- 
globin varying between 12-4 and 17-3 g. per 100 ml. have 
been accepted as equivalent tcf 100 %. The logical way to 
avoid this chaotic state is to express haemoglobin values in 
terms of actual concentration without being committed to 
any arbitrary scale of normals. This “13-8 g. of haemo- 
globin per 100 ml. of blood ” is an accurate way of expressing 
a concentration of hemoglobin which might be recorded as 
111 % on one scale and 80 % on another. 


Photoelectric Methods 

Although it has been stated that colour differences of 2 % 
on the Haldane scale are just appreciable with a dilution 
colorimeter of the Haldane-Gowers type (Medical Research 


* [Readers not resident in the United Kingdom who require a 
copy of this specification should apply to the Editor of BMB.] 
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Note 

Testing of Haldane htemoglobinometer colour tubes and graduated 
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tion (B.S. 1079 : 1942). Full particulars of the tests and the fees 
charged may be obtained through the Editor of BMB. 
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CIRCULATORY DYNAMICS OF ILFMORRHAGE 


E. P. SHARPEY-SCH.AFER, M.R.C.P. 


IS now ^nerally agreed that hsEmorrhage is the major 
uctor requiring treatment in casualties with low blood- 
pressure. Studies.of circulatory dynamics after hemorrhage 


1 as opposed to the experimental animal, arc 

t, for it appears that there may be some spcc-.K^i.-c.- 
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blood volume. In man, dilution of haemoglobin and restora- 
tion of blood volume after bleeding is slow (Ebert, Stead & 
Gibson, 1941 ; Wallace & Sharpey-Schafer, 1941). Further, 
new methods are becoming available for study of circulatory 
dynamics which are particularly applicable to unanaesthe- 
tised man. 

Methods 

Blood-volume determination continues to present a difficult 
problem. Using the Evans-blue method, Morris (1944) 
points out that haemolysis in the plasma samples interferes 
with the analysis, as haemoglobin is converted by the extrac- 
tion process into a pigment which has a significant light 
absorption in the same spectral region as Evans-blue. He 
describes an optical method for correction of this error. 
Dyson, Plant & Vaughan (1944) made observations on the 
changes in erythrocytes, haemoglobin, mean corpuscular 
volume, serum protein and plasma volume in a two-hour 
period following the removal of 540 cm.® of blood in 8 
norma^ subjects and following transfusion of concentrated 
erythrocytes in 8 aniemic subjects. Plasma volume was 
estimated by the Harington, Pochin & Squire (1940) modifica- 
tion of the Evans-blue method of Gibson & Evans (1937). 
They found a considerable variation in the response of 
different individuals. In one instance the plasma volume 
after bleeding was that calculated ; in the others dilution or 
overdilution were noted. Plasma proteins showed cither no 
change or a fall. The data after concentrated corpuscle 
transfusions suggested that there might cither be a small 
increase in plasma volume (442 cm.® to 262 cm.®) above that 
calculated or else a small decrease (241 cm.® to 253 cm.®). 
The authors consider that in estimating the amount of fluid 
that has passed from the tissues into the circulation, the 
amoimt absorbed by the erythrocytes is significant and must 
be taken into account. 

McMichael, Sharpey-Schafer, Mollison & Vaughan (1943) 
measured the blood volume in severe ansemia by a concen- 
trated corpuscle-hsemoglobin method (Hill, 1941) according 

to the fotrnula: Blood volume (cm.®) 

PiD2 

where V cm.® = the volume of concentrated corpuscles in- 
:ted (usually about 500 cm.®), Hbr = hemoglobin por- 
ntage of injected corpuscles, Hb^ = hemoglobin per- 
ntage of patient before transfusion, and Hb 2 = hemoglobin 
Tcentage after transfusion. Hemoglobin was estimated 
r a photoelectric method. In 7 cases, simultaneous estima- 
)ns were made by a concentrated-corpuscle-differential 
;glutination method, and in 3 by the Evans-blue dye method, 
ssults agreed within -J- litre. The concentrated-corpuscle- 
emoglobin method can be used only in severe antemia. 
States of low blood-pressure can be analysed on the 
principle ; mean blood-pressure = cardiac output per unit 
time X total peripheral resistance. It is now possible to 
make accurate serial estimations of cardiac output in man by 
.he method of cardiac catheterisation. First used by Forss- 
mann (1929) and later by de Carvalho & Moniz (1933) and 
AmeuiUe, Ronneaux, Hinault, Desgrez & Lemoine (1936), 
this technique was developed by Coumand & Ranges (1941) 
for measuring cardiac output by a direct Fick method. The 
procedure is simple and safe. It consists, essentially, of 
passing a radio-opaque gum-elastic ureteric catheter along 
the veins of the arm into the right auricle, where the position 
of the tip is checked by j:-rays. The pressure in the right 
auricle can be recorded by a citrate or saline manometer, and 
the oxygen imsaturation of mixed venous blood can be 
measured by withdrawing suitable samples under oil. Details 
of the procedure are given in the papers of Coumand and his 
colleagues and by McMichael & Sharpey-Schafer (1944). 
Over 500 cardiac catheterisations have now been performed 
without complication. 


pressure or ac^lerate the heart (under 10 (xg. per minufel 
increased cardiac output, presumably by a direct action on 
the heart itself. Cardiac output in the supine posture 
showed an average increase of 33 % over that in the erect 
subject. 

Immediate Effects of Ha:morrhage 
Apart from its importance in the “shock ” problem, a 
sudden fall of blood-pressure after bleeding has been of 
particular interest to transfusion units. Poles & Boycott 
(1942) found that 3-8% of young factory workers fainted 
after removal of 440 cm.® of blood, and 8-5 % fainted after 
removal of 540 cm.® They thou^t that the incidence of 
fainting was raised by bleeding tired and hungry subjects. 
Glucose (40 g.) given prophylactically was without effect, but 
1 litre of saline before bleeding seemed to be beneficial in 
men from hot workshops. In a report to the Medical Research 
Council by a sub-committee of the Blood Transfusion 
Research Committee {Medical Research Council, 1944) an 
analysis of data was given from 362 blood donors who had 
fainted. The results showed that the incidence of fainting 
was lower in men than in women, but there was no evidence 
that age, length of wait at the centre, difficulties in bleeding 
or menstruation had any effect on the incidence of fainting. 
The most striking finding was that a high proportion of 
fainters gave a history of fainting either at a previous donation 
or on some other occasion. Loutit, Mollison & van der 
Walt (1942) were able to confirm previous work in showing 
that venesection lowered and transfusion raised- the peri- 
pheral venous pressure. They found little change in blood- 
pressure and heart-rate in 20 donors bled of 430 cm.® How- 
ever, with larger venesections (up to 1100 cm.®) the incidence 
of acute fall of blood-pressure and bradycardia (“faint”) 
was much higher (Wallace & Sharpey-Schafer, 1941). By 
placing venous tourniquets on the thighs for 20 minutes at 
diastolic pressure, or better at 10 to 15 mm. Hg. below 
systolic pressure, and then bleeding 500 cm.® or more, a very 
high incidence of fainting can be produced in normal volun- 
teers. This procedure is probably equivalent to a venesection 
of about 1400 cm.®, and has the advantage that release of 
the tourniquets \vill rapidly restore blood-pressure and con- 
sciousness if the faint is severe. Using such large venesections 
in normal male volunteers in the supine position Barcroft, 
Edholm, McMichael & Sharpey-Schafer (1944) studied the 
physiology of post-hroniorrhagic fainting by observing cardiac 
output (cardiac catheterisation) and forearm flow (Lewis 
and Grant plethysmograph). During the bleeding, blood- 
pressure was maintained but right auricular pressure and 
cardiac output fell steadily, indicating that while blood- 
pressure was kept at a normal level by increasing total peri- 
pheral resistance (probably vasoconstriction in skin and 
splanchnic areas), yet there was no corresponding increase 
of venous tone to maintain right auricular pressure. The 
acute fall of blood-pressure and bradycardia (fainting) were 
not due to any further fall irucardiac output but to a sudden 
great decrease in total peripheral resistance. During the 
faint, forearm flow was approximately doubled when the 
blood-pressure was halved, indicating great arteriolar vaso- 
dilatation in forearm muscles, since the skin is pale during 
the faint. If the rest of the skeletal muscle behaves like the 
forearm, then vasodilatation in muscle may explain the fall 
of blood-pressure in post-hsmorrhagic fainting. Barcroft & 
Edholm (1944) have further shown that this vasodilatation 
is mediated by vasomotor nerves. On the afferent side it is 
possible that the fall of pressure in the right auricle may be 
a trigger mechanism. Retransfusion immediately restored 
forearm flow and blood-pressure to normal. In two c^es 
intramuscular methedrine (30 mg. N-methyl amphetamine) 
restored blood-pressure by increasing total peripheral resist- 
ance ; this substance can also be given intravenously. 


Factors Affecting Cardiac Output in Normal Subjects 
Results obtained in normal subjects (McMichael & Sharpey- 
Jehafer 1944) were those to be expected from the well-known 
vork of Starling and of Wiggers (1927). Reduction of the 
ight auricular pressure by bleeding caused a fall in cardi^ 
mtput, and raising the right auricular pressure by rapid 
ransfusion caused a rise. Acceleratmg the heart by mtra- 
renous injection of atropine usually ca^ed an increased 
'ardiac output. However, there was also a fall m ri^t 
mricular pLsure, and this was someUmes sufficient to 
Counteract the usual increase of output on ac^leration. 
Intravenous adrenaline in doses that did not raise the blood- 
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Late Effects of Hsemorrhage 

Data are still scanty on the phase of “ shock ” after 
hremorrhage. This is the phase of low blood-pressure, wffi 
normal or increased heart-rate, which is commonly s^n m 
the wards after spontaneous bleeding and responds well to 
transfusion. The evidence of Coumand and his colleagues 
indicates that low right auricular pressure and low cardiac 
output are the main factors causing low blood-pressure. In 
some of their cases total peripheral resistance was increased, 
and in others cardiac output was not as low as might be 
expected. Oxygen consumption might be slightly reduced 
but arterial oxygen-saturation was normal ; there seems little 



purpose, therefore, in giving oxygen. At the present time 
Coumand and his colleagues think that pressor substances 
should not be used, as vaso-constriction is probably already 
optimal in this phase, and that hyperventilation should not 
be depressed wth morphine. It seems probable that the 
“ faint ” may supervene on the “ shock ’’ phase if any pro- 
cedure, such as a change to the sitting or upright posture, 
further reduces right auricular pressure. 

In the course of spontaneous recovery from a large haemo- 
rrhage, the circulation often enters a third phase which may 
be termed the “ hyperkinetic syndrome ” (Harrison, 1939). 
Estimation of blood volume in post-hmmorrhagic and 
chronic anaemia with normal systolic bloo3-pressure showed 
surprisingly low figures, often as low as 2 litres (McMichael 
et ai, 1943). Further work (Sharpey-Schafer, 1944) showed 
that the normal or sUghtly raised resting oxygen supply in 
severe ansmia was maintained Isy three main factors (i) 
increased cardiac output, (ii) increased utilisation of available 
arterial oxygen, (iii) diminished blood volume resulting in 
greater concentration of total circulating hasmoglobin. In- 
creased cardiac output could be due to a moderate increase 
of heart-rate combined svith a normal or raised venous 
pressure. In the most severe cases the right auricular 
pressure was elevated, sometimes to high levels. This rise 
of venous pressure or *' heart failure ” was thought to be the 
result of an adjusting mechanism, perhaps increased venous 
tone, which served to maintain the necessarily high cardiac 
output 
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It is clear that a circulatory phase in which the blood 
volume is low, and the venous pressure and cardiac output 
are increased, is likely to give trouble when further overloaded 
by transfusion, Drummond (1943) has recorded some 
excellent clinical examples ; three of his five cases had h$mo- 
globin levels of 25 % or less and all appear to have developed 
pulmonary oedema, in one case after as little as 110 cm.“ 
of blood. The three patients who died bad well-marked 
pulmonary oedema, and there was great ballooning of the 
right auricle in a patient who had received about 2J- litres. 
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anxmia, raising the right auricular pressure further by a trans- 
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the Rh FACTOR AND ERYTHROBLASTOSIS 
FCETAIIS : AN INVESTIGATION OF 50 FAMDUES 
by R. R. Race, G. L. Taylor, D. F. CappeU & M. N. 
McFarlane. British Medical Journal, 2, 289-293, 4/9/43 

Workers from the Medical Research Council Serum Unit and 
from University of St. Andrews have collaborated in the 
investigation of 50 families in which erythroblastosis foetalis, 
better called hsmolytic disease of the newborn, has been 
diagnosed. The cases were collected in many parts of Great 
Bntain and Northern Ireland, and in those reported it seemed 
reasonably certain that the diagnosis was correct. An 
attempt was made to determine the ABO and Rh blood 
groups of parents and surviving children and to get details 
of all pregnancies and their outcome. The authors point out 
that although the material is far from complete, much infor- 
mation has been gathered together and some of it may well 
prove of value to future workers. The details relating to the 
tamUies are tabulated. 

Of the 50 mothers, 6 were Rh-positive'and 44 Rh-negative, 
and m the sera of 38 of the Rh-negatives, anti-Rh agglutimns 
figures agree well \rith those of other 
^ confirm I.e\’ine’s theory that iso-immunization 
o the mother plays an important part in the rctiology of 


aemolytic disease of the newborn. Anti-Rh was not found 

1 6 of the Rh-negative mothers, but the fact that 6 of the 

2 mothers in whose serum anti-Rh was not found Were 
th-negative strongly suggests feat Rh was concerned. 

In one pregnancy in ten the mother is Rh-negative and the 
aby Rh-positive, and in one pregnancy in five fee mother has 
n agglutinin for an ABO antigen present in her fcctus, but 
lie disease is much rarer [1 in 200-400 pregnancies] than it 
rould be if it occurred whenever fee blood-group situation 
lakes it possible. Other factors yet unknown must be 

ivolved. , ... 

When fee mother is Rh-positive (or even Rh-ncgati\e), 
feer erythrocyte antigens than Rh may perhaps cause the 
isease. The husbands of only 2 of (he 6 Rh-positivc 
lofeers were grouped. One was O, Rh-ne^ti\e ; the 
I Rh-negative. After fee investigation of the 50 families 
ad been made, fee next nvo husbands of Ife-positivc mother 
ases examined were negative and positive. It uppers 
ignificant that three of four husbands of ^-posmse 
i^eis vsife affected children should Lc. 
be family in which both parents were 
t serum and is described at length b> 
aylor (1944). Families in which fee diagnosis ''.o. 5 
,tU most commonly be mdudcd_ amongst 
ositive mothers, simply b^usc stx out of sesen mo.h.rs m 

ie population are Rh-poritive. 

Not one Rh-negative child 'sas found a.mo..gSi - i 
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of the Rh-negative mothers ; 53 healthy and 16 aflTected 
children were tested. The absence of*negative children from 
the healthy group is highly significant and may be due to 
most of the fathers being homozygous (RhRh) and producing 
only Rh-positive children. Immunization is more likely 
when an Rh-negative mother has a positive foetus every 
pregnancy than when some may be positive and others 
negative, as with a heterozygous (Rhrh) husband. Although 
negative children do occur in affected families, the scarcity 
has to be considered in estimating the chances of getting a 
negative (an unaffected) child in future pregnancies. In the 
50 families, with one exception, no mother who had once 
produced an affected baby ever had a later normal surviving 
child. 

Of the first children borne by the 44 Rh-negative mothers 
38 were unaffected, five were stillbirths or miscarriages and 
one suffered from the disease. From the second birth 
onwards there was a steadily increasing ratio of affected to 
normal children. Four of the six Rh-positive mothers, on 
the other hand, had first children who were affected, two 
being stillbirths. The earlier onset in this group might be due, 
if the ABO groups were responsible, to the iso-agglutinins 
being already present in the maternal serum. 

About a quarter of the affected children survived ; three- 
quarters were bom dead or died mostly within a week of 
birth. Affected children were approximately evenly dis- 
tributed between the two sexes. 

Reference 
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HyflMOLYTIC DISEASE OF THE NEWBORN (Ei'V- 
THROBLASTOSIS FfETALIS) ; ITS TREATMENT 
WITH RHESUS-NEGATIVE BLOOD 
by J. D. Gimson, British Medical Journal, 2, 293-297, 
419143 

The author reports in much detail a series of 19 consecutive 
cases of hsemolytic disease of the newborn collected during 
ven months at the Hospital for Sick Children, Great 
mond Street, London. The cases are typical of those 
ming to a children’s hospital which is not part of a maternity 
spital, and are necessarily selected, for macerated fojtuses 
d stillborn infants will never be seen, and hydrops foetalis 
icterus gravis — ^fatal within 24 hours — will be admitted 
ly rarely. All the mothers were Rli-negative and all the 
ants Rh-positive, and anti-Rh was found in the sera of 
an but one of the mothers. Some cases, even of icterus 
gravis, recover without treatment, but the mortality seems 
to be about 80 %. 

Knowledge of the connection between iso-immunization 
of the mother and hEemolytic disease of the newborn has 
suggested the treatment of the child by the transfusion of 
blood lacking the antigen for which the mother has made 
the agglutinin. Attempts to replace by transfusion the baby’s 
blood lost by lysis have in the past not been very successful, 
because in most cases Rh is involved. As six donors out of 
seven are Rh-positive and their blood would not have been 
Rh-tested, Rh-positive blood would usually have been given, 
and this, like the baby’s own, was liable to be destroyed. 

Eighteen of the 19 babies, whose ages on admission varied 
between three days and six weeks, were transfused with 
Rh-negative blood free from anti-Rh. It was rarely thought 
necessary to transfuse unless the erythrocyte count was below 
3 '5 millions. 

All the babies received Rh-negative blood, and some of 
the earlier ones were given Rh-positive blood as well ; but, 
although the positive blood caused an initial rise in haemo- 
globin and erythrocytes, haemolysis continued, and witWn 
a few days further transfusion was needed. Rh-negative 
blood does not prevent haemolysis of the child’s own cells, 
it merely provides cells which will not be- destroyed more 
rapidly than normal, and on which the child may five imtil 
the lytic process ends. When a mixture of Rh-positive and 
Rh-negative blood was given the negative cells si^ived 
normally while the positive were often destroyed within a 
few days. In 14 of the 18 cases the results are desenbed as 
“ nerfect ” ’ the other 4 regained and maintained normal 
blood pictures. No more than two transfusions of negative 
blood were needed in any case. 


The author shows how encouraging aredhe results in this 
series by comparing them with those from a series of 17 con- 
secutive cases treated in the same hospital with blood which 
untested for Rh, would nearly always be Rh-positive, Six 
of the 17 died from the disease or from transfusion ; 4 were 
kept alive but without improvement in the blood condition - 
and in only 7 were the results satisfactoiy, although they 
received much more blood— up to six transfusions in some 
cases — than the 18 babies treated with Rh-negative blood. 
Moreover, no reactions followed the giving of negative blood 
but in the other series there was more often than not a rise of 
temperature and^some constitutional disturbance with in- 
crease of jaundice' and size of liver and spleen. 

The transfusions were given intravenously, by drip into 
the internal saphenous or a cubital fossa vein. An attempt 
was made to maintain a constant rate of 15 to 20 cm.^* per 
hour. The infants were kept in hospital overnight after the 
transfusion. The volume of blood to be given was calculated 
in cm.® from the formula 

% rise of Hb required . , 

— X blood volume 

1 vO 

the blood volume being approximately 88 cm.® per kg. body 
weight calculated on expected weight for age from birth- 
weight. The author concludes that if an infant with h$mo-. 
lytic disease of the newborn lives long enough to reach hos- 
pital there is a good chance of its survival. She thinks i( 
unlikely that the dreaded kemicterus can be avoided. 
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OCCURRENCE OF THE Rh ANTIGEN IN THE POPU- 
LATION : NOTES ON 5 CASES OF ERYTHROBLAS- 
TOSIS FCETALIS 

by E. D. Hoare, British Medical Journal, 2, 297-298, 4/9/43 

The author, working in the Welsh National School of 
Medicine, immunized 10 guinea-pigs ivith Rhesus monkey 
blood as described by Landsteiner & Wiener (1941). Three 
of the immunized animals yielded sera which, at dilutions up 
to 1 : 60, gave a clear distinction betw'een Rh-positive and 
Rh-negative bloods. By tests made with these sera it was 
found that the distribution of the Rh-positive and Rh- 
negative persons in South Wales agrees with that found in 
England and amongst the white people in the United States 
of America. The Welsh results were: 

Group AB A B O Total 

Rh-positive . 27 349 90 483 949(84-6%) 

Rh-negative . 3 64 14 92 173 (15-4%) 

Five cases of erythroblastosis foetalis are reported, in all 
of which the father and child were Rh-positive whilst the 
mother was Rh-negative. Anti-Rh was found in the sera 
of the five mothers. In one of the sera the agglutinin seems 
to have been undetectable at 37° C. ; it was found at room 
temperature in the undiluted serum and to a titre of 1 ; 4 at 
0° C. Four of the children were transfused with blood 
which was not tested for Rh : only ope of them lived. The 
fifth child died without transfusion. These cases occurred 
before the need of treatment with Rh-negative blood had been 
realised. 
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THE SURVIVAL OF TRANSFUSED ERYTHROCYTES 
IN H/EMOLYTIC DISEASE OF THE NEWBORN 
by P. L. Mollison, Archives of Disease in Childhood, 18, 
161-172, December 1943 

This paper is a report to the Medical Research Council 
the South-West London Blood Supply Depot, and records 
the first direct observations of the survival of transfused 
blood in the circulation of babies with hsmolytic dise^e of 
the newborn. Eighteen babies suffering from this disease 
were transfused with Rh-negative blood and 10 of them 
were given Rh-positive blood as well, either at the time m a 
mixture or consecutively. The survival of each type o 
donor’s erythrocytes was followed by a very ingenious mocu- 
fication of the Ashby (1919) technique. An example is 
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given : a baby GM Rh-positive was transfused with a mixture 
in known proportions of OM Rh-negative and ON Rh-posi- 
tive blood. After transfusion the baby’s blood was agglu- 
tinated by anti-Rh serum, the unagglutinated cells being 
those of the first donor, and these were counted. The baby’s 
blood was next agglutinated by anti-M serum; this time 
the unagglutinated cells were those of the second donor and 
could also be counted. Corrections have to be made for the 
number of cells failing to be agglutinated by their homologous 
serum. 

The results were conclusive and fully confirmed the cor- 
rectness of the theoretical expectation and of the clinical 
impressions. If Rh-positive blood was given in the first 
fortnight of life it was practically all eliminated within ten 
days (in 3 cases elimination tvas complete in three days). 
If the baby was older, Rh-positive blood was tolerated better. 
Compared with this, 90 % of the Rh-negative transfused cells 
were still surviving at the end of a week, and their total 
survival was about that of compatible transfused cells in the 
adult. 

The author therefore considers that when an infant with 
hsmolytic disease of the newborn has to be transfused, 
Rh-negative blood of its own group should be given when 
serological tests have been made and it is fairly certain that 
destruction is due to anti-Rh agglutinins. O Rh-negative 
blood is recommended when no tests have been made, and 
O blood should be used when destruction is thought to be 
due to anti-A or anti-B agglutinins. When destruction is 
due to agglutinins other than typical anti-Rh, O blood com- 
patible with the mother’s serum is probably the safest. In 
every case direct matching of the donor erythrocytes against 
the mother’s serum seems a desirable precaution before 
transfusion. 

.^.n interesting additional observation is recorded which 
may be of physiological importance. One baby expected to 
sufier from haemolytic disease of the newborn was transfused 
at birth, while its Rh grouping was being done. The baby 
was Rh-negative, however, so the transfusion was stopped, 
80 cm.’ having been given. Two days later the hxmoglobin 
was over 150 % (Haldane), and it was still 134 % 10 days after 
birth. During these 10 days there was not the slightest tinge 
df jaundice. The author considers that this calls in question 
the generally accepted theory that physiological jaundice 
results from a process designed to destroy the excessive 
numbers of erythrocytes needed in utero but unwanted in 
the open air, 

Reterence 

Ashby, W. (1919) J. exp. Med. 29, 267 
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H/EMOLYTIC DISEASE IN THE NEWBORN: THE 
Rh FACTOR 

by F. A. Langley & F. Stratton, Lancet, 1, 145-148, 29/1/44 

^ ^ review of the clinical, pathological and serological 
findings in 23 carefully investigated cases of hsemolytic 
disease of the newborn. Twenty-two of the mothers were 
^-negative and anti-Rh was found in the serum of 19 of 
them. 

As a control, 41 cases of physiological jaundice were also 
The number of Rh-negatives (5) amongst the 
momers of these controls was close to that expected in a 
random sample of women. This suggests that when the 
cases arc carefully diagnosed Rh is seldom found to be the 
rause of physiological jaundice. However, one of the five 
-negative mothers had anti-Rh in her serum. 

"^e authors point out the difiiculties that may be met in 
ma ' ng a diagnosis of hsmolytic disease, since important 
jaundice or erythroblastemia may be 
c1in’° i’ r experience “ the most important single 

hpl . ^^trirc was a progressive fall in the hsmoglobin level 
normally expected.” Post-mortems were p>er- 
on twelre of the babies and the findings are reviewed. 

points of technique are mentioned, 
fitn- Important, the authors do not consider high- 

3nti-A and anti-B serum adequate for the ABO 
of babies. Immune rabbit sera were much more 
Metoryin their experience. 

familiw description of a certain type of clumping 

° Rh workers which must not be corifused with true 


agglutination. These clumps are due to gentle handling of 
sedimented cells and were described as “ large almost circular 
clumps shedding cells as they moved, which gave them a 
comet-like appearance.” 

The authors were able to demonstrate anti-Rh agglutinin 
in the milk of 7 out of 9 mothers who were known to have the 
antibody in their serum. 
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RHESUS ANTIBODY IN Rh-POSHTVE MOTHER 
CAUSING ILfiMOLYTlC DISEASE OF NEWBORN 
by A. J. McCall, R. R. Race & G. L. Taylor, Lancet, 1, 
214-215, 12/2/44 

In this paper are given the clinical details and history of the 
family of the Rh-positive mother from whom was obtained 
the antiserum St which has proved of fundamental importance 
in the recognition of allelomorphs of the Rh gene and result- 
ing genotypes. Investigation of this unusual serum, from an 
Rh-positive mother, yet capable of agglutinating most Rh- 
positive cells, showed that it was similar to, but not neces- 
sarily identical with, the anti-Hr discovered by Levine and his 
colleagues in America. St serum reacts with 80 % of people 
including all Rh-negatives, all heterozygotes (Rhrh) and 
some of the homozygotes (RhRh). These reactions are due 
to the presence in the erythrocytes of antigens determined by 
allelomorphs of the Rh gene. The use of St with other forms 
of anti-Rh sera has made it possible to determine sero- 
logically the genotype of about 80 % of people. The geno- 
type testing has been described in previous papers (Race & 
Taylor, 1943 ; Race, Taylor, Boorman & Dodd, 1943; Race, 
Taylor, Cappell & McFarlane, 1944). 

A male infant in whom increasing jaundice had been noticed 
from the 2nd day was admitted to hospital on the 14th day with 
pallor, deep jaundice and a moderately enlarged liver. The stools 
and urine were deeply bile-stained. Hb 55 % (9 g. per 100 ml.), 
erythrocytes 2,500,000 per mm.’, colour index 1-1, mean diameter 
of erythrocytes 8-1^, leucocytes 15,000 per mm.’ Anisocytosis 
and polychromasia well marked ; 300 normoblasts per mm.’ ; 
blood group O, Rh-positive. On the 16th day the Hb was 42 %. 
The mother was not available for testing, so 150 ml. of Rh-negative 
blood was transfused. The mother proved to be Rh-positive, and 
her serum contained a powerful agglutinin which acted on the cells 
of the Rh-negative donor used to transfuse the baby and on all of 
12 unselected group O bloods. Agglutination occurred at room 
temperature but was stronger at 37° C. No aggiutinin for these 
cells was found in the child’s serum. 

On the 22nd day Hb was 68 % and on the 27th 46 %. Of 20 
group O bloods examined, the mother’s serum faiied to agglutinate 
3, either at 37° C. or at room temperature. Transfusion of 200 ml. 
of blood from one of the 3 St-negative donors rais^ the Hb to 
79 %, a level which was maintained, and the child \vas discharged 
free liom jaundice on the 57th day. 

The mother, who suffered from a severe hypochromic 
anmmia aggravated by post-partum hmmorrhage, was trans- 
fused tvith 600 ml. of St-negative group O blood without 
reaction. 

Family history : Mother had had no stillbirths or abortions. 

1st child, male, 1939. Healthy, no history of erythroblastosis. 

Group ON, P-. Rh-b, St-b (Rhirh). 

2nd child, male, August 1941. Died from erythroblastosis. No 
investigations. 

3rd chiid, male, January 1943. History given above. Group 
OMN, P-, Rh-b, St-b (Rhirh). 

Mother. Group OMN, P—, Rh-b, St— (RhjRhj). 

Father. Group AjMN, P?, Rh-b, St-b (Rh,rh). 

St serum does not react with Rhj, and the father and 
children (aU Rhirh) are St -b because they possess the reces- 
sive gene rh. The mother (RhiRhi), not having rh, was 
immunized by the child’s rh. St always reacts with rh both 
in the heterozygous Rhrh and in the Rh-negative rhrh. t 
also reacts with Rhj [and with Rh', Rho and Rhy]- 

[In transfusing the baby and its mother with cornpatrb.e 
St-negative blood the hospital pathologist (McCall) hand.ed 
in a masterly fashion a new and unknown Rh blood-group 
situation.] 


NCES 

1. R. & Taylor, G. L. (1943) Nature ISZ. 


Nature, 152, 563 

Race, R. R., Taylor, G. L., Cappell, 
(1944) Nature, 153, 52 


D. 


F. & .McFarlioe. M. N. 


175 


432 


THE INCIDENCE OF HMEMOLYHC DISEASE OF THE 
F(ETUS (“ERYTHROBLASTOSIS FOLTALIS ”) IN 
DIFFERENT FAMILIES : the Value of Serological Tests 
in Diagnosis and Prognosis 

by K. E. Boorman, B. E. Dodd & P. L. Mollison, Journal of 
Obstetrics and Gyncecology of the British Empire ^ 51, 1-23, 
February 1944 

This paper reports on a large amount of work on hasmolytic 
disease of the newborn done at the South-West London Blood 
Supply Depot. 

The authors applied certain pathological criteria before 
they accepted the diagnosis of haemolytic disease. The results 
are given of the serological investigation of the 100 families 
that qualified. Of the mothers 97 were Rh-negative, and 
93 of these had anti-Rh in their serum. Of the 3 Rh-positive 
mothers 1 had the anti-Rhg agglutinin and the other 2 had 
anti-B agglutinins of unusual strength, to which the authors 
attributed the haemolysis. This ’suggests that, when the 
diagnosis of haemolytic disease is made with certainty, anti-Rh 
is responsible for an even higher proportion of cases than was 
thought before, almost all of them in fact. 

The titre of anti-Rh agglutinin was measured at intervals 
throughout 7 pregnancies. In 2 the titre rose and in 3 
remained steady before the birth of an affected child. In 
2 it remained steady and Rh-negative children were bom. 
The authors usually foimd a rise of fitre after delivery, 
8-20 days post-partum being the peak and the favourable 
time to search for agglutinins. 

A group of 60 infants with physiological jaundice was 
investigated. Six of their mothers were Rh-negative and 
54 Rh-positive, figures which suggest that Rh plays but h'ttle 
part in this type of jaundice. However anti-Rh was foimd 
in the serum of three of the six mothers. One of these 
mothers had previously had a child which suffered from 
hsemolytic disease, so it is likely that the jaundice of the present 
infant was not physiological. There was no excess of hetero- 
specific pregnancies on the ABO system in this group. The 
authors conclude: “There is, therefore, no evidence that 
‘physiological jaundice’ of the newborn is, in the great 
majority of cases, in any way connected with the presence of 
incompatible agglutinins in Ae mother’s serum.” 

The diagnostic value of serological tests when hasmolytic 
Idisease is suspected is summed up thus: (i).The diagnosis 
j| very probable when the mother is Rh-negative and has 
anti-Rh in her serum, or when she is Rh-positive and has any 
other atypical agglutinin acting on her baby’s cells at 37° C. 
(ii) The diagnosis is less probable when the mother has very 
strong anti-A or anti-B agglutinins incompatible wth her 
baby’s cells, or when the mother is Rh-negative but no 
anti-Rh can be found, (iii) The diagnosis is improbable 
when the mother is Rh-positive and there is no atypical 
agglutinin in her serum, or when her anti-A and anti-B are 
not excessively strong. 

Concerning the value of serolo^cal tests in prognosis, it 
is pointed out that the mdn importance of routine Rh tests in 
pregnancy is to ensure that Rh-negative women wilt not be 
given Rh-positive blood should they be transfused. In 
families in which haemolytic disease has already occurred 
the prognosis is made less gloomy if the father can be shown 
to be heterozygous by finding an Rh-negative amongst the 
children. [The direct testing for homozygosity was hardly 
developed when this paper was written.] In all cases where 
anti-Rh is found in the mother’s serum arrangements should 
be made to have Rh-negative blood ready for both mother 
and baby. 

There is also a discussion on the possible parts played in 
this disease by the three factors, titre of maternal agglutinin, 
placental permeability and amount of extracorpuscular 
group-specific antigen. 
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ILEMOLYTIC DISEASE OF THE NEWBORN ; THE 
PREPONDERANCE OF HOMOZYGOUS Rh-POSlTlVE 
FATHERS 

by G. L. Taylor & R. R. Race, British Medical Journal, 1, 
288-289, 26/2/44 

The results reported in this paper from the Medical Research 
Council Serum Unit confirm the suggestion made by Race, 
Taylor Cappell & McFarlane (1943), that there is a 


preponderance of homozygous (RhRh) fathers in families 
affected by ha:molytic disease of the newborn. An Rh- 
negative woman is more liable to be immunized when every 
pregnancy is M-positive and provides the antigenic stimulus 
as happens with a homozygous husband, than when he is 
heterozygous (Rhrh) and some children may be positive and 
others negative. About 3 out of 7 Rh-positive males are 
homozygous and 4 heterozygous. 

All bloods which are not agglutinated by St serum * are 
homozygous RhRh and are about half of all the homozygotes. 
As 18 St-negatives were found amongst the husbands of 
46 Rh-negative mothers with sera containing anti-Rh agglu- 
tinins and children suffering from erythroblastosis foetalis, 
the authors estimate that 36 husbands were homozygous 
and 10 heterozygous, instead of the 20 homozygotes and 
26 heterozygotes expected in a random sample of 46 Rh- 
positive people. 

By serological tests (Race & Taylor, 1943 ; Race, Taylor, 
Boorman & Dodd, 1943 ; Race, Taylor, Cappell & McFar- 
lane, 1944), the Rh genotypes of some of the husbands were 
determined, and further evidence of the predominance of 
homozygous fathers was obtained. Thus, of 38 husbands, 
only 5 were Rhjrh and 33 not Rh^rh, instead of the expected 
15 and 23. About 33 % of people are of the genotype Rhirh— 
that is about 40 % of Rh-positives, and the shortage of this 
commonest type of heterozygote is highly significant. More 
complete genotype tests were made on 18 of the husbands and 
it was shown that at least 13 were homozygous instead of the 
7 expected in 18 Rh-positive people. 

This predominance of homozygous fathers affects very 
greatly the chances that Rh-negative, and therefore unaffected, 
children will be borne by Rh-negative mothers who have 
already had affected children. The genotype of about three- 
quarters of Rh-positive people can be determined serologic- 
ally, and unless it can be shown serologically, or by his 
having an Rh-negative child or parent, that the husband is 
heterozygous, the prognosis is very poor. 
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ERYTHROBLASTOSIS FOETALIS 
by J. R. Gfimour, Archives of Disease in Childhood, 19, 
Parti; 1-11; PartH: 12-20; PartlH; 21-25, March 1944 
In these three papers from the Bernhard Baron Institute of 
the London Hospital the author describes in detail the macro- 
scopic and microscopic findings in 52 fatal cases of erythro- 
blastosis feetah's. The papers include a comprehensive 
survey of previous literature. 

The author classifies the present series into 3 types, de- 
scribed as (0 hydrops foetalis (24 cases) ; (ii) icterus gravk 
(26 cases) ; (iii) congenital anxmia (2 cases). Evidence is 
given that the three types are varieties of a single disease. 

There is a brief discussion at the end of the third paper of 
the relationship between erythroblastosis and the Rh factor. 
Nineteen excellent photomicrographs are reproduced. 
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AN ‘INCOMPLETE’ ANTIBODY IN HUMAN SERUM 
by R. R. Race, Nature, 153, 771-772, 24/6/44 
The discovery of an “ incomplete ” antibody in certain 
anti-Rh sera indicates that there is still much to be leamt 
about this versatile system of antigens and antibodies. By 
an incomplete antibody is here meant one which will combine 
with its specific antigen on the etythrocyte, but which is not 
a suitable partner for the agglutination stage. 

Human anti-Rh serum of the type called by Wiener 
“ standard ” agglutinates erythrocytes of the gene Rhi and 
also those of Rhj. Anti-Rhi serum agglutinates the former 

♦ [see BMB 431.] 
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but not the latter. If, however, cells of the genotype Rh.Rh. 
or Rh.rh are suspended in anti-Rhi serum, which causes no 
agglutination, and after a few minutes are separated from this 
serum, washed and re-suspended in saline, then these treated 
cells can no longer be agglutinated by standard anti-Rh scrum. 
These treated cells are agglutinated as well as ever by anti- 
Rhj serum and by St serum. In other words only one of the 
three antigens which must be present on Rh, cells is being 
blocked, and the other two are left free and ready for agglu- 
tination. This interpretation was supported by absorption 
experiments. The inhibited antigen is that which would 
normally react with the standard antl-Rh antibody, and the 
author considers the inhibiting agent to be an incomplete 
form of this antibody. 

Five out of siA anti-Rhi sera contained the incomplete 
antibody iu good strength, the sixth in weak but definite 
amount. One standard anti-Rh serum contained the incom- 
plete as well as the complete form- of the antibody. In such 
a natural mixture, or in one artificially made, the incomplete 
antibody wins the race for antigen when erythrocytes are 
added, and the expected agglutination does not occur. 

A brief account is given of R. A. Fisher’s formulation of 
the relationships found in the rhesus factor. 
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SYMPTOMLESS INCOMPATIBLE TRANSFUSION AND 
RESULTANT CHANGES IN ISO-AGGLUTININ TITRE 
by R. Drummond, British Medical Journal, 1, 483-485, 
8 / 4/‘;4 

Incompatible blood transfusions in which studies of iso- 
agglutinin titres have been made are not numerous. In this 
paper the Transfusion Officer of the Welsh Board of Health 
reviews the cases reported previously and records another. 

The agglutinogens of the ABO system of blood groups are 
regularly antigenic for man, and when cells containing A or B 
are transfused into a recipient whose serum contains the cor- 
responding agglutinin, there is usually an initial fall in the 
strength of the agglutinin followed, within a week or ten days, 
by a rise, sometimes to enormous heights. The strength of 
the patient’s reaction to the incompatible transfusion varies 
from being so weak as to pass unobserved to being strong 
enough to kill. 

A male patient aged 54, of blood group B, was inadvertently 
tr^fused at a very slow drip rate over a period of 5i- hours 
with about 460 cm.® of seven days old stored blood of group A. 
The transfusion was stopped as soon as it was noticed that 
the^ blood w^ labelled group A. The patient had com- 
plained of no symptoms whatever, and there had been no 
rise of temperature or pulse rate. Six hours later the pulse 
rose to 102 and the temperature to 100° F. [about 38° C.] 
but the patient still felt well. Wi thin 12 hours the tempera- 
ture was normal and remained normal or sub-normal. In 
24 hours the pulse dropped to 76. He had occasional 
pyrexia before the transfusion. No serious complications 
^veloped and the patient’s condition remained satisfactory. 
He was observed for several months. 

Examination of blood taken from the patient on the day 
before the incompatible transfusion and of the conserved 
erythrocytes of the donor confirmed that the recipient was 
group B and the donor group A. The anti-A titre of the 
patient’s serum was 100. On the third day after the trans- 
fixion it was 16, and thereafter rose rapidly and attained a peak 
ot^,600 on the fifteenth day. The titre fell slowly, and 
eight months later was not quite back to its pre-transfusion 
90 ^ ' ^ blood taken on the third day, agglutinates of 
20 to 30 erythrocytes were seen lying free among large 
numbers of unagglutinated cells ; on the fourth day there 
were a few small agglutinates but none on the fifth day. 

In an attempt to find an in vitro explanation for the absence 
oisymptoiiK, the sera of the donor and recipient were tested 
or agglutimn strength and their erythrocytes for sensitixaty to 
"Hiese tests were made eight months after 
e mcompatible transfusion when the strength of the re- 
^lents anti-A agglutinin was approximately what it had 
P just Ixfore the transfusion. The group A donor’s 
nun did not contain ver>' powerful anti-B, and the author 
iWs agglutinin in no way harmed the recipient’s 
absence of symptoms may in part be attributed 
thin recipient’s anti-A agglutinin was of just less 

axerage strength, whilst both donor and recipient 


erythrocytes were of average sensitivity. The agglutinogens 
A and B are not confined to erythrocytes, but occur also in 
the plasma. Thus the plasma of a group A person contains 
A agglutinogen. In vitro tests provided no evidence that the 
recipient’s plasma protected its erythrocytes from the donor’s 
iso-agglutinins and vice versa. 

The author concludes that the in vitro tests did not fully 
explain the absence of symptoms and suggests the absence 
may have been due to the mcompatible blood being given 
at a veiy slow drip rate. 


437 

ON THE INHERITANCE AND LINKAGE RELATIONS 
OF ACHOLURIC JAUNTUCE 

by R. R. Race, Annals of Eugenics, 11, 365-384, December 
1942 

This paper reports a search for linkage between the gene for 
acholuric jaundice and the common “ physiological ” genes, 
carried out. at the Gallon Laboratory, University College, 
London and the British Postgraduate Medical School, 
Hammersmith. 

Nearly 200 members of 26 families were examined hrema- 
tologicaUy for the signs of acholuric jaundice by Dr. Janet 
Vaughan and Miss Olive Booth. They were also tested for 
the AjAj BO and MN blood groups and for the ability to 
secrete the ABO antigens in the saliva, and to taste phenyl- 
thiocarbamide. Eye colour and fineness or attachment of 
the ear lobes were also scored, although the manner of in- 
heritance of these characters is not on the sure basis of those 
mentioned before. 

The war brought the investigation to an end, but not before 
evidence had been collected against partial sex-linkage and 
against close autosomal linkage with any of the genes respon- 
sible for the AiA.BO blood groups, the MN blood groups, 
secretion of the ABO antigens in the saliva, eye colour and 
attachment of ear lobes. The figures for taste-testing were 
inconclusive. 

A year or so after the close of the investigation the Rh 
groups were discovered. This indicates what a laborious 
undertaking the great work of mapping the human chromo- 
somes tvill be. 
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THE GROUP-SPECinC SUBSTANCES, A, B, M, N 
AND Rh : THEIR OCCURRENCE IN TISSUES AND 
BODY FLUIDS 

by K. E. Boorman & B. E. Dodd, Journal of Pathology and 
Bacteriology, 55, 329-339, July 1943 

That the group-specific substances A and B occur not only 
in erythreej-tes but in almost all tissues and body fluids 
has been known for years. Attempts to demonstrate tte 
erythrocyte agglutinogens M and N in tissues and body fluids 
were unsuccessful — save that Zacho found them sometimes 
in malignant tumours — until Kosjakov & Tribulev (1940), 
by the use of a modified inhibition techiuque, detected them 
in non-malignant tissues. As the addition of salira to anti- 
Rh sera did not afiect the agglutinin, American workers have 
concluded that the recently discovered Rh antigen is absent 

from saliva. ni j 

The present authors, of the South-West London B.ood 
Supply Depot (Medical Research Council), have demon- 
strated the presence of M, N and Rh group-specific substances 
in tissues and body fluids. To detect Rh their tectoque was 
Ksentially the same as the inhibition technique lyhich is ixcd 
to detect A and B ; it depends on the reduction in agglutinin 
strength which takes place when an antiserum is mi.xcd 
1 substance containing the corresponding anti^n. ne 
reduction is measured by companng the ritre ^ 
before and after mixture vith the antigen. Erery 
detect M and N by the inhibition technique failed 
aon-specific absorption uas so gre^: that is sub 
tvhich contained only M would 

specifically, but also anti-N si<x le.-y^ 

SVhen the inhibition technique Mas moi^ied 
suegestions made by Kosjakov & 

OTor due to non-specific absorption M imd N v 
in saUra and in tissues as these 

nodified technique took account of Kos,-ko\ A Tn.— 
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finding' that M group-specific substance saturated with anti-M 
serum cannot affect either anti-M or anti-N sera, but saturated 
with anti-N serum it can still specifically inhibit anti-M serum. 
Similarly, N substance saturated with anti-N serum can 
inhibit neither anti-M nor anti-N, but saturated with anti-M 
it inhibits anti-N. 

Boorman & Dodd believe that earlier workers failed to 
find M and N in tissues because they could not deal with non- 
specific absorption and because they used extracts rather than 
suspensions of tissues. M and N seem to be only slightly 
soluble in water, for very little can be detected in saliva, and 
alcohol is said to- destroy them. So neither aqueous nor 
alcojiolic extracts would be likely to contain M or N. Whilst 
there are considerable amounts of Rh substance in the tissues, 
very little can be found in saliva, probably because it is 
almost insoluble in wafer. 

The authors suggest that the Rh group-specific substances 
in fcetal tissues fail to neutralize maternal anti-Rh and pre- 
vent hremolytic disease of the newborn because the neutraliza- 
tion of agglutinins which cross the placenta from the maternal 
to the foetal circulation is effected by antigens in the body 
fluids, and that tissue antigens play little, if any, part. 
Similarly, in the few cases in which the ABO groups may 
cause hsmolytic disease and the baby probably belongs to 
the' “.non-secretor ” class, the maternal agglutinin is hot 
neutralized because the antigen is absent from the body fluids. 
Hartmann (1938) has shown that while the ABO antigens 
occur in the tissues of both secretors and non-secretors, and 
are present in alcohol- and water-soluble forms in secretors, 
they do not occur in water-soluble form in non-secretors, and 
are therefore almost completely absent from their body 
fluids. Boorman & Dodd conclude that if the following two 
conditions are satisfied hasmolytic disease of the newborn 
may result : (i) an incompatibility between the maternal serum 
and the foetal erythrocytes, and (ii) an insufficiency of the 
corresponding antigen in the body fluids of the foetus. 
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NUTRITIONAL IRON DEFICIENCY AN.EMIA IN WAR- 
TIME. 1. The Ha:moglobin Levels of 831 Infants and 
Children 

by L. S. P. Davidson, G. M, M. Donaldson, M. J. Dyar, S. T. 
Lindsay & J. G. McSorley, British Medical Journal, 2, 505- 
507, 31/10/42 

In this paper, workers in the Department of Medicine of 
Edinburgh University report the results of a survey of l.jemo- 
globin levels in 442 infants and pre-school children (318 from 
birth to 23 months ; 124 from 2 to 4 years) and 389 school- 
children of 5 to 12 years. The Haldane ha;moglobinometer 
(13-8 g./lOO cm.® equalling 100%) was used throughout 
the investigation, and all apparatus was checked against 
a standard set. 

Results were compared with those obtained in a similar 
investigation made a few years before on Aberdeen children 
of the same age groups (Davidson & Campbell, 1935). 
Graphic representation of the results in both investigations 
shows a close parallelism in the curves of hemoglobin per- 
centages at different ages. From the 4th month there is a 
gradual fall which becomes more acute from the 8th to the 
11th months. There is then a gradual rise, more rapid in 
the Edinburgh series, until 2 years of age. From , 2 to 5 
years, there is a progressive rise in hsmoglobin percentage, 
with higher values in the Aberdeen series. From 5 to 12 
years, the rise is. continued, with fluctuations, and comparison 
of the two curves shows that the haemoglobin level was con- 
siderably lower in the Edinburgh series (average diSerence of 
10 % for all ages in this group). The Edinburgh children 
had no obvious signs of malnutrition. 

Analysis of the figures in these two and in a third (Wills, 
Mackay, Bingham & Dobbs, 1942) series showed that none 
of the Aberdeen (1935) children had a hsmoglobia of less 


than 80 %, whereas almost half the Wills ei al. (1942) and 
more than half of the Edinburgh (1942) children had hsmo- 
globin concentrations below that level. 

The conclusions drawn from this study were that (i) after 
three years of war there was no significant chaiige in infant 
hajmoglobin levels; (ii) there was a significant fall among 
children of school age ; (iii) there should be provision of 
school meals of high iron content, and propaganda to 
encourage the consumption of iron-rich foods by children 
of school age. 
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NUTRITIONAL IRON DEnCIENCY AN/EMIA IN WAR- 
TIME. II. The Haimoglobin Levels of 3,338 Persons from 
Birth to 55 Years of Age 

by L. S. P. Davidson, G, M. M. Donaldson, S. T. Lindsay & 
J. G. McSorley, British Medical Journal, 2, 95-97, 24/7/43 

In a previous paper (Davidson, Donaldson, Dyar, Lindsay 
& McSorley, 1942) investigations on haemoglobin levels in 
442 infants and pre-school children and 389 schoolchildren 
were reported. Since the publication of this paper, the 
National Physical Laboratory provided correction factors 
for the Haldane hmmoglobinometer used, which indicated 
that the reported readings were approximately 2 % low. A 
further 121 infants and pre-school children, 633 school- 
children, and 1753 adolescent and adult males and females 
have been examined, making a total for the whole series of 
3338 individuals. ‘ Of these, 563 were infants and pre-school 
children (birth to 4 years) ; 917 municipal primaiy-school 
children (5 to 12 years) ; 105 private-school children (5 to 
12 years) ; 518 adolescent males and females (13 to 19 years); 
620 adult males and females (20 to 54 years) ; 45 multiparous 
women ; 570 pregnant women. All readings were adjusted 
in accordance with the correction factors. 

The standard of normaUty for the groups, birth to 4 years, 
was considered as 85 % ± 5 % (Haldane) ; for the groups 
5 to 12 years, 12 to 18 years, and for adult females, 95 % ± 
5 % (Haldane) ; for adult males 100 % ± 5 % (Haldane) Md 
for pregnant women 85 % ± 5 % (Haldane). “ Clinical 
anmmia ” was considered to be present if the hmmoglobin 
was below 80 % (Haldane) .for all groups except the group of 
pregnant women, where 70% (Haldane) was the arbitrary 
figure chosen. Using this standard, “ clinical anmmia ” was 
found to be present in 39% of municipal primary-school 
children, approximately 5 % of private-school children, 
12% of adolescent females, 7% of adult females, 24% of 
pregnant women, and less than 1 % of adolescent and adult 
males. 

The main conclusion (made with some reservations) from 
this study is that the incidence of “clinical ansmia” in 
Edinburgh municipal school children is sigm’ficantly higher 
thah it was in comparative Aberdeen children a few years 
before the war (Davidson & Campbell, 1935). Standards of 
normality and errors of estimation are discussed. 
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^yEMIA IN WOMEN AND CHILDREN ON WAR- 
MS DIETS 

L. Wills, H. M. M. Mackay, K. Bingham & R. H. Dobbs, 
urnal of Hygiene, 42, 505-526, October 1942 
le investigation reported in this paper was undertaken to de 
mine whether (i) anaemia was prevalent among women and 
ddren ; (ii) there was any evidence of increased mcidence 
anffimia ; (iii) there was any evidence as to the etiology oi 
e anemia. Preliminary details of the inv^tigatmn had 
eviously been published (Mackay, Wills, Dobbs & ^gha , 
42). Haldane’s haemoglobinometer (13-8 g./idd cm. 
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equalling 100 %) was used throughout the investigation. 
The estimations were made on 544 women (nurses and 
medical students ; factory workers ; housewives) and 530 
children (364 aged 6 months to 5 years ; 90 aged 5-13 years ; 
38 aged 13-15 years ; 38 adolescent factory workers aged 
14-18 years). 

The mean haimoglobin value of the women was 89 • 5 % 
(ranging from 56 %-120 %), similar to the mean obtained 
by Davidson & Fullerton (1938) in 1937 for a group of poor 
nulliparous women. These figures are significantly lower 
than those obtained in other series by Pricc-Jones (1931) and 
Jenkins & Don (1933). 

There was a significant difference in the haemoglobin values 
for nurses and students working in London (90-6 %) and in 
country (84‘1%) hospitals. Mean values for the two 
different occupational groups (nurses and students) working 
at the same hospitals approximated closely. Mode of life 
and working conditions did not differ materially in the London 
and rural hospitals, but there were differences in the diet. The 
estimated daily iron intake of the London group was 10-8 mg. 
and that of the rural group 9-2 mg. The 159 workers at a 
factory in a small town near London had a higher (94 • 0 %) 
mean haemoglobin level than the London housewives 
(89-6%). 

Of the children, the average haemoglobin level at 6-12 
months was 75-4 %, dropping to 72-8 between 1-2 years, 
and gradually rising again to 81 - 8 % between 4-5 years of 
age. In 90 children of the 5-13 year age-group, the mean 
haemoglobin level was 80-3%; in the 13-15 year group it 
was 89-3% and in the 14-18 year group of working girls 
it was 98 -7%. 

In all the groups of women and children, except the small 
group of factory girls, mean hremoglobin values were signifi- 
cantly lower than in previous comparable groups, and the 
authors believe these reductions to be the expression of a 
nutritional ansmia. They believe that iron deficiency is one 
important etiological factor, but that other dietetic defi- 
ciencies are implicated, and that in nurseriw a high Incidence 
of inf^tion has increased the incidence and severity of an 
anemia primarily due to iron deficiency. 
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DISCUSSION ON NUTRITIONAL AN/EMIA IN CHIL- 
DREN AND WOMEIN : A War-time Problem 
by H. M. M. Mackay, L. Wills, R. H. Dobbs, K. Bingham, 
L. Findlay, H. M. Sinclair, L. S. P. Davidson, J. Yudkin & 
T. S. Marshall, Proceedings of the Royal Society of Medicine, 
36, 69-84, December 1942 

In the paper(Mackay, Wills, Dobbs & Bingham) which opened 
tos discussion attention was drawn to previous observations 
(McCance, Widdowson & Verdon Roe, 1938 ; Ross & 
ummerfeldt, 1936 ; Spence, 1934) on the influence of econo- 
imc status on tnean hemoglobin level and on the relationship 
h\een infantile anemia and anemia of the mother during 
eestation (Strai^, 1933 ; Mackay, 1933, 1935). There was 
CMdence of a higher morbidity rate in babies wth moderate 
^ f ^ Goodfellow, 1931). After a reference 
0 aiiacies due to obtaining samples of blood for hemoglobin 
m young children, comparisons are 

results of diSerent hemoglobin surveys 
ertaken in Britain. Curves of mean hemoglobin levels 
fhf>^°'*^i! °!^."’°'’^”S-class children under 5 examined before 
\\ar by afferent British investigators (Davidson, Fullerton 
’ Fullerton, 1937 ; Hutchison, 1938) show 
wri correspond also to the later ^^ar-time 

Mackay, Bingham & Dobbs (1942). There 
of \V'u° u close similarity between the war-time mean levels 
TN . I ^ luE children in or near London and those of 
forFa°K Dyar, Lindsay & MeSorley (1942) 

cantlv T l^e^uioglobin levels of women were signifi- 

ll’^u those of comparable groups before the 


From examination of evidence discussed in this paper it 
appears probable that there has been a reduction of hsmo- 
globin levels in some social groups, and it is possible, although 
not demonstrated, that there has been a rise in other groups 
as a result of increased employment, rationing and food 
“ priorities.” 

The authors conclude by recommending that infants 
should be given iron supplements and that, for older groups, 
iron should be added to bread. 

Another speaker. Dr. L. Findlay, in discussing the blood 
as an index of health, referred to the results of a survey 
(Findlay, 1937) undertaken on children admitted to a London 
hospital in a poor district. These haemoglobin estimations 
were made from ear-punctures, and results may have been 
too high, but a subsequent unpublished series made from 
finger- and heel-punctures showed no evidence of a serious 
incidence of anemia. Later observations made in war-time 
on children admitted to the Radcliffe Infirmary from Oxford 
and its environs revealed a high proportion of subnormal 
haemoglobin and erythrocyte levels, although the general 
condition of the Oxford children appeared to be superior 
to that of the London children. The author discusses these 
and other relevant findings and concludes that the hcemoglobin 
level is not a true index of the health of the child, nor neces- 
sarily of the iron content of the diet ; that it varies with age, 
sex, and other factors ; and that the term “ nutritional 
anaemia ” is too loosely employed. 

Dr. H. M. Sinclair referred to observations made in the 
course of the Oxford Nutrition Survey which showed an 
increase in anaenua. If this were due to iron deficiency, a 
simple remedy would be the use of iron instead of aluminium 
cooking pots. A potato boiled in an iron vessel contains 
about twice as mueh iron as one cooked in an aluminium 
vessel. With apples boiled for only 5 minutes, the iron 
content is nearly a hundred times greater if an iron vessel is 
used. Another simple measure is the provision of ferrated 
bread. In the author’s view, there was no danger of toxic 
eSects from excessive intake of iron. 

Dr. R. H. Dobbs discussed anemia in young women, with 
referenee to the results reported by Wills et al. (1942), and 
sources of error in hasmoglobinometry. It was particularly 
important to obtain freely flowing blood from a warm limb. 

Professor L. S. P. Davidson summarised results of a hemo- 
globin survey which has been reported elsewhere (Davidson 
et al, 1942). 

Dr. J. Yudkin had recently examined 300 mothers and 
children in Scotland and had found a decrease in hemo- 
globin levels as compared with previously published figures, 
although this was not so great as that found by Professor 
Davidson. It was important that all workers on this problem 
should maintain close contact and compare methods and 
results. 

Dr. T. S. Marshall reported results of estimations on male 
and female blood donors. The mean hemoglobin level 
(Haldane -Gowers hemoglobinometer, standardised by 
National Physical Laboratory) was 100 % in 100 males ; 
84 % in 65 post-menopausal women ; 82 % in 220 women in 
the reproductive period of life, ijifierences as great as 
12-18 % were observed in the same subjects (a) immediately 
on arrival, after cycling or hurrying, (b) after 20 minutes 
recumbency. This suggested a possible reason for the high 
levels reported by Wills et al. (1942) in factorj- girls. 
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TREATMENT OF AN/EMIA IN SCHOOL-CHILDREN 
WITH IRON AND ASCORBIC ACID 

by L. S. P. Davidson & G. M. M. Donaldson, British Medical 
Journal, 1, 76-77, 15/1/44 

In the first school, the children in both the control and the 
experimental groups were unselected, but were divided into 
three groups. Group A consisted of children who went 
home for a midday meal ; Group B included those who took 
school dinners, for which they paid ; while Group C included 
those children who had free school dinners. The children 
in the experimental groups were given 3 grains [about 200 mg.] 
of ferrous sulphate in tablet form daily for 5 days in each 
week. Hajmoglobin estimations were made at the outset 
of the experiment and again after 3 months of treatment. 

In the control groups there was no significant rise in the 
mean haemoglobin levels at the second examination. In 
experimental Groups B and C, the rise in the haemoglobin 
levels was significant but in Group A, although there was 
a rise, it was not statistically significant. An analysis of the 
hjemogldbin figures of those children whose initial haemo- 
globin level was less than 80 % showed that of 59 such children 
in the control series, 31 (52-5%) still had haemoglobin figures 
of less than 80 % at the second examination ; while of 71 
receiving iron therapy, only 24 (33 • 8 %) still had haemoglobin 
figures of less than 80 % at the second examination. This 
improvement in the treated group is statistically significant. 

In the second school there were 57 unselected children in 
the control group, 56 unselected children in experimental 
Group A who were treated with 25 mg. of ascorbic acid daily 
for 5 days a week, and 57 unselected children in Group B 
who were given 25 mg. of ascorbic acid daily and 3 grains of 
ferrous sulphate daily for 5 days a week. In the control 
group and in Group A there was no significant rise in the 
htemoglobin values when the estimations were repeated at 
the end of 3 months. In Group B the rise in haimoglobin 
level was significant. 

In the third school, 54 children whose original haimoglobin 
level was 80 % or less were divided in two equal groups, the 
experimental group being given 25 mg. of ascorbic acid daily 
and 6 grains of ferrous sulphate daily for 5 days a week over 
6 months. Both control and experimental groups showed 
in increase in hajmoglobin but the mean levels in the treated 
p-oup were significantly greater than those found in the 
:ontrol group. These results show that the hypochromic 
infemia of these children was mainly conditioned by an 
nsufificiency of iron in the diet and that supplement of 25 mg. 
)f ascorbic acid daily had no effect in raising the hremoglobin 
evels. 
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TREATMENT OF PERNiaOUS ANAEMIA WITH AN 
EXPERIMENTAL PROTEOLYSED OVER PREPARA- 
TION : Preliminary Observations 

by L. J. Davis, L. S. P. Davidson, D. Riding & G. E. Shaw, 
British Medical Journal, 1, 655-656, 29/5/43 


The superiority of whole liver over parenteral injections of 
liver extracts in the treatment of certain types of macrocytic 
anemia, such as those occurring in pregnancy, sprue and 
tropical nutritional deficiency states is well known. Among 
the disadvantages of whole liver are its relatively high cost, 
the difficulty of ensuring a regular supply, the distaste caused 
by its prolonged administration, and the uncertainties attend- 
ing its assimilation in patients whose digestive and absorptive 
processes are impaired. Accordingly it was considered that 
it might be an advantage to administer to such patients whole 
liver in a soluble predigested form. Papain was chosen as a 
suitable enzyme for predigestion of the liver and the following 


nethod of preparation was used : 

Take 330 pounds [about 150 kg.] of minced liver in a 
iteam-heated pan. Add 36 gallons [about 160 1.] of water 
ind 660.g. of papain, and heat the mixture to 60° C. Mam- 
tain the temperature at this level for three hours. Then raise 
the temperature to 100° C. and boilwigorously for ten mmutes. 
Strain the hot digestion mixture through cloth, and concen- 
trate the filtrate at a low temperature in a vacuum stiU to 
20 gallons. Clarify the concentrate by filtration, using 
sterilized kieselguhr as a filter aid, and then sterilize by ffltra- 
tion through suitable asbestos pads. the stenle hqmd 
in a low-temperature vacuum oven. The product thus 
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obtained is a dry, sterile, granular light-brown powder which 
is shghtly hygroscopic. It is completely soluble in hot or 
cold water, giving a solution that is reasonably palatable and 
free from the characteristic liver flavour. Riboflavin is 
present in a concentration of 10 mg. per 100 g. 

Five typical cases of pernicious anaimia were used to test 
this product. Without exception a satisfactory response 
was noted within a few days of the institution of treatment. 
The average rise in erythrocytes per mm.» was 0-94 million 
during the first two weeks and 1 -74 million during the first 
three weeks of treatment. An adequate daily dose appeared 
to be 2 drachms [about 4 g.], but in certain resistant cases 
it is possible that a larger amount may be desirable. This 
amount is derived from less than two ounces [about 60 g.] 
of raw fiver. 

[This proteolysed liver preparation is now commercially 
available under the trade name “ Hepamino."} 
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SENsmvrrY to liver extract 

by J. G. MeSorley & L. S. P. Davidson, British Medical 
Journal, 1, 714-716, 27/5/44 

A search of the literature since Schlesinger (1930) first re- 
ported reactions to fiver extract has revealed less than a 
hundred cases. Reactions may be classified as : (0 primary, 
which occur after the first injection, and have become rare 
with the increasing purity of liver preparations and adoption 
of routes of administration other than intravenous; (ii) 
secondary, which occur after varying periods of oral, intra- 
venous or intramuscular fiver therapy and are imdoubtedly 
of an allergic character. 

The literature contains reports of sensitivity to all brands 
of liver extract. Some patients who have reacted to one brand 
do not react to another. However, such patients tend to 
become sensitized also to alternative brands, and the ex- 
perience of the authors indicates that sensitivity usually extends 
to all liver extracts in patients who have had marked reactions 
to one preparation. Reactions usually increase in severity 
with successive injections. The conm.onest are: flushing, 
tachycardia, erythema, and localized urticaria. In severe 
cases, there may be generalized urticaria, bronchospasm, 
vomiting, rigor, hyperpyrexia, collapse, angioneurotic oedema 
and other allergic manifestations. 

The authors found skin tests to be of some value in assessing 
sensitivity, although they agree that their value is limited. 
Their technique is to inject intradermally 0-05 cm.® of im- 
diluted fiver extract into the volar surface of the forearm, 
with a control injection of saline at the same level. . A wheal 
of 15 mm. or more in diameter developing in 15-30 minutes 
is accepted as a positive reaction. As ffiere may be severe 
general reactions to this test dose, adrenaline should be 
available. 

With regard to treatment, patients were arbitrarily divided 
into those with © mild symptoms and (ii) severe constitu- 
tional reactions. In mild cases 3 minims [about 0*174 cm.®] 
of 0 • 1 % adrenaline hydrochloride were injected concurrently 
with the liver preparation and in some cases no further 
treatment was required. In other cases the quantity of liver 
extract injected was reduced to J or J of the dose which pro- 
duced a reaction and the periods between injections were 
correspondingly reduced. Other measures have been recom- 
mended by various writers but proof of their value is lacking. 
It has been claimed (Barfred, 1942) that butyl alcohol removes 
a considerable part of the factor in liver extract responsible 
for allergic reactions, but the present authors found that 
material so treated produced reactions in 2 sensitive patients. 

In severe cases oral ingestion of fiver or hog-stomach pre- 
parations should replace parenteral liver therapy, or desensi- 
tization should be carried out. A technique of desensitiza- 
tion which was found satisfactory in 17 severe cases is 
described. The authors prefer desensitization to substitution 
of oral preparations, as parenteral therapy is cheaper and 
more effective. Dese^itization, however, may be dangerous 
unless performed by someone experienced in the danger of 
anaphylactic reactions. 
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AUTOLYSED YEAST IN THE TREATMENT OF NU- 
TRITIONAL MACROCYTIC AN/EMIA 
by G. R. Sippe, British Medical Journal, 1, 656-658, 13/5/44 
Nutritional macrocytic ancemia has been reported from India, 
China, Africa, and Macedonia, and has been attributed to 
the lack of one or more essential factors in the diet. In this 
paper from the Bacteriological Laboratory of Reduit, 
Mauritius, the author states that the condition is also common 
in Mauritius among those who refrain on religious grounds 
from eating beef flesh. Wills (1934) showed autolysed yeast 
to be active in the treatment of this ana:mia. The present 
author reports the results in 6 cases treated by oral adminis- 
tration of a waste product of the manufacture of alcohol by 
fermentation of molasses. Its potency was attributed to the 
presence of autolysed yeast. TTie product was obtained as a 
thick fluid from the bottom of the fermentation vats. Before 
use, it was passed through a coarse filter and heated at 70° C. 
for one hour. The quantity of the product used in treatment 
was 3-6 ounces (about 90-180 cm.’) daily. Results of the 
analysis of samples are tabulated. 
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H/EMOLYTTC AN/EMIAS 

by L. J. Davis, Edinburgh Medical Journal, SO, 589-616, 
October 1943 

This is the text of a Honeyman Gillespie Lecture, in which 
there is a brief consideration of fundamental principles of 
erythrocyte destruction and regeneration, followed by a 
survey of the different types of haemolytic anaemia in the light 
of recent views and observations. The author adopts a 
provisional classification of the haemolytic disorders according 
to their known or supposed aetiology : 

i. Abnormality of the erythrocytes 

Familial acholuric jaundice 
Sickle<ell anaemia 
Nocturnal haemoglobinuria 

ii. Heemolysins 

Transfusion incompatibility 
Erythroblastosis foetalis 
Paroxysmal haemoglobinuria 
Severe bums 
Bacterial infections 
Snake bite 

iii. Parasitic infection of erythrocytes 

Malaria 
Oroya fever 

iv. Poisons 

e.g. lead, phenylhydrazine, saponin 

V. Hypersensitivity to drugs or other agents 

Sulphonamide anaemia 
Fabism 

Baghdad Spring anaemia 

VI. Cause unknown, but associated with known predispos- 

ing factors 

Blackwater fever (sub-tertian malaria) 

Sjroptomatic ” hsmolytic anaemias (Hodgkin’s 
disease ; reticuloses ; carcinoma, etc.) 

March hsmoglobinuria (postoal defect) 

'i'. Cause completely unknown 

Acute hsmolytic ansmia (so - called “ Lederer’s 
an$mia ”) 

Miscellaneous subacute and chronic haemolytic 
anaemias 

Cooley’s (Mediterranean) anaemia 

hamolytic disorders is discussed under the 
given* ^08 references to the literature are 
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Haemolytic anaemia ; a report 
OF four 'CASES 

Medical Journal, 51, 70-83, Febra- 

hamolytic anamia was introduced by 
- e ■ & Schwartz (1940) to embrace cases of acquired 
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hamolytic anamia displaying an apparent atiological 
relationship to certain morbid processes such as carcino- 
matosis, leukamia, Hodgkin’s disease, sarcoidosis, hepatitis, 
teratoma of the ovary, and various infective conditions such 
as tuberculosis and lobar pneumonia. Dr. Davis reports in 
detail 4 further cases in which the primary diseases were 
adenocarcinoma of the pancreas, reticulosis, -Hodgkin’s 
disease and acute myeloid leukamia. The author stresses 
the need for exclusion of other types of hamolytic anamia 
before this diagnosis is accepted. Microspherocytosis and 
increased erythrocyte fragility may or may not occur. 
These were absent in the present cases, all of which were 
macrocytic to a greater or less extent. 

TTie mechanism of hamolysis is obscure. In cases where 
the marrow is extremely affected it is possible to postulate 
a disturbance of marrow function resulting in the production 
of abnormal eiythrocytes having impaired survival values. 
The author suggests that the neoplastic process may exert 
an abnormal stimulus to increased activity of the reticulo- 
endothelial cells, and points to the infrequency with which 
the spleen becomes the site of cardnomatous metastases 
because of the ability of the numerous reticulo-endothelial 
cells of this organ to destroy wandering tumour cells. Thus 
it is conceivable that the constant exercise of such a destruc- 
tive mechanism directed against tumour cells may result 
incidentally in an increased destruction of er34hrocytes. 
However, this mechanism would not accotmt for all cases. 
The prognosis and treatment necessarily depend upon the 
underlying conditions. All the 4 cases described died, but 
a few cases in the literature benefited by the removal of the 
original tumour and by splenectomy. 

Reference 

Dameshek, W. & Schwartz, S. O. (1940) Medicine, 19, 231 
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ACUTE H/EMOLYTIC AN/EMIA : REPORT OF A 
CASE PRESENTING HITHERTO UNREPORTED 
FEATURES 


by J. P. Ciurie, British Medical Journal, 2, 8-10, 1/7/44 
This paper from the Royal Infirmary, Glasgow, gives a brief 
summary of the growth of knowledge of acute hEmolytic 
anaemia and reports a case of this rare condition showing 
auto-agglutination and auto-haemolysis at room temperature. 
The reader is referred to the full review of the subject by 
Dameshek & Schwartz (1940). 

Hayem (1898) and Minkowski (1900) first recognised 
haemolytic jaimdice as an entity apart from liver or bile-duct 
disease. Chauffard (1907) showed that in chrom’c hereditary 
acholuric icterus with splenomegaly the erythrocytes were 
abnormally fragile in hypotonic solution, and other workers 
described “ acquired hemolytic icterus,” a type of acholuric 
jaundice which was not hereditary and occurred alone or in 
the course of other diseases. In a third type, “ hasmolysinic 
icterus,” the serum, at the height of the disease, contained an 
isoha^molysin. Each of the three types was subdivided into 
acute, subacute and chronic. Roth (1912) found an auto- 
agglutinin and an auto-hsmolysin in a case, but said that 
“ hsemolysinic ” was an imjustifiable term and that the 
hamolysis was due to an abnormality of the erythrocytes. 
The existence of an acquired type was gravely doubted. In 
1925 Lederer “ discovered ” the “ new ” disease, acute 
hamolytic anamia, although similar cases had l^n reported 
previously. He did not menrion isohamolysins or aulo- 
agglutinins. 

It is very difficult to trace cases because they may be given 
a variety of names, e.g. “ atypical anamia,” “ atypical per- 
nicious anamia,” “ acute pernicious anamia," etc. 

Whilst many hamolytic anamias are due to bacteria, pro- 
tozoa and chemicals, no cause is known for the majority of 
cases. There are two main views ; 

(i) that the serum or tissues contain an auto-hamolysin for 
the patient’s own erythrocytes. 

(it) that lysis is caused by normal wear of abno.maliy 
fragile erythrocytes. 

That the marrow responds so well suggests it is not injured 


and favours the first view. . 

Donath & Landsteiner_(1905) showed that .'.‘"S’-s _ 
paroxysmal hsmoclobinuria is caused by isohr.-no.;. jins a. 
they have been found in several cp-s of acute 
anatmia, but with regard to the atuology of the disease i 


in 
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finding of auto-hasmolysins is of greater significance ; these 
have rarely been demonstrable and only under abnormal 
conditions, e.g. at ice-box temperature. Early workers noted 
auto-agglutination in acute acquired haimolytlc jaundice, and 
said its occurrence was constant and of diagnostic value. 
This observation was for long overlooked and only recently 
re-made. 

Dameshek and Schwartz made a haimolysin against guinea- 
pig erythrocytes by injecting them into a rabbit, and then, 
by injecting varying amounts of the rabbit scrum into guinea- 
pigs, were able to produce various types of ha:moIytic 
syndrome — from subacute haemolytic anaemia with small 
doses, to fulminating haemolytic anaemia and haemoglobinuria 
with large doses of the haimolysin. The clinical conditions, 
spherocytosis, increased erythrocyte fragility, rcticulocytosis, 
pseudo-macrocytosis, etc., could be produced in the same 
way, and it is inferred that the clinical syndromes arc due to 
the amount of haemolysin present. 

The author describes the case of a man of 37 who became 
suddenly-ill with acute haemolytic Anaemia, with lemon-yellow 
skin and mucous membranes, striking pallor, tender palpable 
spleen, and haemoglobinuria. There was no bilirubinuria. 

Blood-grouping preparatory to transfusion was made 
difficult by the patient’s serum agglutinating his own eryth- 
rocytes at room temperature. By performing the tests at 
body temperature the patient’s group was shown to be O. 
In addition to the normally occurring isoagglutinins anti-A 
and anti-B, the patient’s serum contained an agglutinin 
which at room temperature — not at body temperature — 
agglutinated his own corpuscles but not those of normal 
group O persons — it was.litcrally an auto-agglutinin. [Usually 
“ auto-agglutinin ” is used for the commonest type of cold 
agglutinin which agglutinates not only the corpuscles of its 
donor but those of any other person.] Heating to 60° C. 
did not destroy the antibody and the addition of complement 
caused haemolysis. [By saying “ The associated hxmolysin 
requires the presence of complement ” the author suggests 
that the agglutinin and the haemolysin are not the same 
antibody. Haemagglutination and haemolysis arc closely 
related and it is widely believed that the addition of com- 
plement causes the agglutinin to lyse the erythrocytes,] 
Standing normal group O cells in the filtrate from the patient’s 
crushed, washed erythrocytes made them sensitive to the auto- 
agglutihin — ^it was impossible to determine whether the cor- 
'puscles, suspended in a haemoglobiniferous fluid, were also 
lysed. After blood transfusion recovery took place, the 
auto-agglutination and auto-hremolysis disappeared, and 
Serum obtained whilst he was ill did not affect his corpuscles 
after recovery, but these corpuscles treated with the filtrate 
mentioned above were rendered agglutinable. After recovery 
the serum still contained the auto-agglutinin — it agglutinated 
cells obtained whilst he was ill. Recovery caused an altera- 
tion in the erythrocytes, not in the serum. It is concluded 
that there were : (a) an auto-agglutinin, an auto-agglutinogen 
and ah auto-hremolysih ; and it is suggested there was also 
(b) an auto-hremolysinogen. 

Only one pint [about 570 cm.®] of citrated group O blood 
was given on the sixth day of the illness, but the author does 
not regard it as a case of tomatic recovery due to a single 
transfusioii— the disease had limited itself by the time the 
blood was given. Several transfusions may be needed and 
in some cases they may be useless. Splenectomy may cure 
some, and it is thought that the hremolysin is made in the 
Spleen. 

References 

Chauffard, M. A. (1907) Sem. med., B. Aires, 29, 47 
Dameshek, W. & Schwartz, S. O. (1940) Medicine, 19, 231 
Donath, J. & Landsteiner, K. (1905) Z. klin. Med. 58, 173 
Hayem, G. (1898) Pr. mdd. J, l21 
Lcdercr, M. (1925) Amer. J. med. Sci. 170, 500 
Minkowski, O. (1900) Verh. Kongr. inn. Med. 18, 316 
Roth, O. (1912) Dtsch. Arch. klin. Med. 106, 137 


450 

THE DESTRUCTION OF TRANSFUSED ERYTHRO.- 

CYTES IN AN/EMIA „ t r 

by G. M. Brown, O. C Hayward, E. O. Poweh & L. J. Wilts, 
Journal of Pathology and Bacteriology, 56, 81-94, January 

1944 • 

The authors applied the Ashby technique of differential 
agglutination to the study of the survival of transfused 
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erythrocyte in different types of anremia. Results were 
examined by construction of graphs showing the.relation of 
the number of surviving donor cells to the days after trans- 
fusion; In the simple types, such as idiopathic hypochromic 
anaimia (6 cases), only a linear type of decay was found 
but in hmmolytic anaimia (3 cases) the plotted results showed 
considerable curvature and the average life of the cell was 
much' reduced. The method therefore allows a quantitative 
analysis of the amount of pathological haimolysis in other 
anaemias. To facilitate numerical description of the results 
a general equation connecting the number of surviving cells 
with the interval since transfusion was developed. Seven 
cases of anremia complicating infections of varying severity 
were transfused, some on several occasions. These cases 
showed different rates of hremolysis, and the average life of 
the transfused cells ranged from 8-4 to 56*3 days. The 
shape of the decay curves varied from a curvature as great 
as that seen in clinical hremolytic anaemia, to a straight line 
such as had been found in the cases of idiopathic hypo- 
chromic anremia. The cases which were judged more severe 
on clinical grounds showed more rapid haimolysis and in 
the cases where the average life was shortest there was in- 
creased rcticulocytosis and bilirubinaimia. Thus the anremia 
which complicates acute’ infection is apparently due to unduly 
rapid erythrocyte destruction, but in chronic infections the 
destruction rate is . normal. Abnormally rapid haimolysis 
was also found in cases of puerperal pernicious anremia, 
leuco-ciythroblastic anaimia and myelomatosis, while in cases 
of thyrotoxicosis, chronic nephritis and pernicious anremia 
under treatment with liver (I case of each), erythrocyte 
destruction occurred at the normal rate. 

In a discussion of their results, the authors relate the 
mathematical expression of their data to the hypothesis 
recently developed by Maegraith, Martin & Findlay (1943) 
that a (spcctcs-spccific) lytic enzyme and an inhibitor are 
concerned in the mechanism of haimolysis. 

Reference 

’ Maegraith, B. G., Martin, N. H. & Findlay, G. M. (1943) Brit. 
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STUDIES IN THE AN/EMIAS OF INFANCY AND EARLY 
CHILDHOOD. Xn.— THE REGENERATION RATE OF 
HEMOGLOBIN AND THE LIFE SPAN OF ERY- 
THROCYTES IN NORMAL AND PATHOLOGICAL 
CONDITIONS 

by H, S. Baar & T. W. Lloyd, Archives of Disease in Child- 
hood, 18, 1-21, March 1943 

Blood containing varying numbers of reticulocytes was 
incubated in sterile citrated balanced salt solutions, with or 
without added glucose or serum, and the rates of maturation 
of the reticulocytes were observed by hourly counts. .The 
curve of maturation shows a decreasing velocity of disap- 
pearance of the reticulocytes. The authors consider that 
this is due to the initiation of necrobiotic changes in the 
erythrocyte and does not represent a real decrease of the 
velocity of maturation. The maturation time is therefore 
obtained by extrapolation of the initial slope to the ordinate 
zero. The average maturation time of normal reticulocytes 
by this method is about seven hours. The maturation time 
in cases with rcticulocytosis is usually longer, but there is no 
fixed relation between either, the number of reticulocytes or 
the amount of reticular substance and the maturation time. 
The only condition in which a maturation time shorter than 
the normal was found is untreated pernicious anrenaia. 

The daily regeneration rate is obtained by multiplying the 
number of reticulocytes per cent, by twenty-four and dividing 
by the maturation time in hours. One hundred divided by 
this figure gives the life span of erythrocytes in days if the 
number of erythrocytes is constant. From an average 
reticulocyte count of 0-7 % and a maturation time of seven 
hours, an average life span of forty-two days h^ been 
deduced. The regeneration rate of hemoglobin is identirai 
with that of erythrocytes as long as the colour index remains 
unchanged. 
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STUDIES IN THE AN/EMIAS OF INFANCY AND EARLY 
CHILDHOOD. Xni— EXPERIMENTS ON BLOOD RE- 
GENERATION AND THEIR SIGNIFICANCE FOR THE 
LIFE SPAN OF ERTTHROCITES 
by H. S. Baar, Archives of Disease in Childhood, 18, 65-87, 
June 1943 

A curve representing the rise of hxmoglobin or of erythro- 
cytes does not indicate the real regeneration but is the result 
of two factors— the formation (or, more exactly, the release 
from the bone-marrow) of erythrocytes and their destruction. 
It was decided to separate these two factors in experimental 
ansemia, calculating the real regeneration or the daily 
hsmoglobin intake from the number of reticulocytes and 
their maturation time determined in vitro, and sometimes in 
vivo, and estimating the destruction, subtracting the observed 
rise of haimoglobin from the intake determined in this way. 
Ansmia uas produced by subcuianeous injections of phenyl- 
hydrazine hydrochloride in rabbits and guinea-pigs. The 
daily regeneration of ha:moglobin (= intake) per 100 cm.® 
of blood was noted for two- or three-day periods, over some 
weeks. This figure is calculated by taking the arithmetic 
mean of two subsequent reticulocyte counts (as a percentage), 
dividing by 100 and multiplying by 24 over the maturation 
time in hours. The maturation was determined during the 
period of high reticulocyte counts for rabbits both in vitro ' 
and in vivo, for gumea-pigs in vitro only. These figures, 
which were 10 hours for rabbits and 8 hours for guinea-pigs, 
were used for the whole experimental period. The regenera- 
tion per 100 cm.® blood is therefore given by the formula 
Hb X R _ Hb X R 

X 2'4 for rabbits and — 3 for guinea-pigs, 

wjiere Hb is htemoglobin in grams per 100 cm.® and R the 
relicidocyte count per cent, of erythrocytes. If this'figure be 
multiph’ed by the blood volume in decilitres the total daily 
intake of htemoglobin is obtained. The actual rise or fall of 
hsmoglobin in grams per 100 cm.® in the corresponding 
period was also observed If the drop be added and the rise 
subtracted^ from the regeneration figure the destruction of 
hsrnoglobin in grams per 100 cm.® blood is obtained. Sum- 
mation curves were then constructed for the h$mogIobin 
regperation. The shape of the curves is characteristic and 
indicates that the “ master reaction ” determining the blood 
regeneration Md haemoglobin intake under these experi- 
mental conditions is an autocatalyzed reversible reaction, 
and is derefore exclusively determined by the process of the 
rnultiplication of nucleated cells in the bone-marrow. In 
me coime of blood disorders, periods of increasing and 
decreeing bone-marrow activity alternate with jjeriods of 
equilibrium. The word equilibrium is used here to indicate 
a state of bone-marrow activity resulting in the output of a 
constant mass of erythrocytes each day without necessarily 
any relation to the rate of peripheral erythrocyte destruction, 
Md may therefore be associated vvith a constant erythrocyte 
evd, with a fall, or with a rise. The only characteristic of 
such a state is the constant reticulocyte concentration : the 

2 Hb X R 

Jqq — X k fall therefore on a straight line. 

From these data it was found that the time of repair is 
no Identical with the duration of life of erythrocytes. It does 
uo represent^ the regeneration time, but is the result of 
onsideiably inerted regeneration and less considerably 
cueased destruction. A decrease in the rate of destruction 
oniu^f occurs only in the later stages of repair and 

form periods of time. The majority of erythrocytes 

j , ™ time die at the same time ; some may be 

regard to their age, but old age is the main 
r which determines the life span of erythrocytes. 
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^®IES IN REFRACTORY ANAEMIA. I. The Techni 
bv T Puncture Biopsies. Classiflcal 

Am' ^^'^dson, L. J. Davis & J. Innes, Edinbu 
l^dicaUoyal, 50, 226-236, April 1943 

& ' ?5^tactory anaemia ” ^vas first used by Bomf 

an.-emiat embrace the heterogeneous group 

to' iro,* refractory, temporarily or permaner 

anKmiac^'f*'^ known hiematinic. It indii 

nosiirp t®^no'yn origin and those resulting from 
o hffimotoxic substances, but does not include 


haimolytic anremias or anaemias which are secondary to other 
morbid processes, such as malignant neoplasms, leukaemias, 
metabolic disturbances and infections. 

For the diagnosis and prognosis of these anemias examina- 
tion of the bone-marrow is essential. The follotVing is the 
technique used by the authors : , 

About 1 cm.® of marrow juice is aspirated from the medul- 
lary cavity of the sternum in the usual way, using a “ Salah ” 
type needle and a 10 cm.® record syringe, and is immediately 
expelled into a watch-glass. After a few seconds the fluid 
is poured into a second watch-glass. Visible flecks of 
marrow tissue remain adherent to the first watch-glass ; these 
are picked up with a fine pointed forceps and placed on 
microscope slides. With the aid of a spreader, the flecks 
arc squashed and with a rapid sliding movement films are 
made. The degree of pressure exerted is regulated so that 
the marrow is squashed as lightly as consistent with the 
production of a satisfactory film. The number and size of 
the marrow particles varies considerably in different cases. 
In pernicious anaemia the flecks are large and abundant, 
while in certain types of aplastic anaemia no visible particles 
may be present, the appearance of the aspirated fluid differing 
from peripheral blood only by the presence of droplets of 
oily fluid. In this latter type of case films are made directly 
from the fluid. The films are dried in air as quickly as 
possible and stained by the May-Griinwald or Leishman 
methods. The erythrocyte precursors are divided into four 
types : 

The Type I erythroblast is a large cell with a deep baso- 
philic cytoplasm and a finely reticulated nucleus. Nucleoli 
may or may not be present. Included in this cell type are 
the pro-erythroblast as well as the primitive megaloblast 
of certain authors. Maturation of the cells, indicated by 
reduction in size, progressive hsemoglobinisation, and by 
condensation of nuclear chromatin, progresses through 
Types n and HI to Type TV, the mature normoblast, which is 
often fully hremoglobinised and with a dense pytaotic 
nucleus. The bone-marrow in the relapse stage of pernicious 
antemia shows large numbers of Type I and II cells. In 
iron-deficiency an$mias Types IH and IV preponderate. In 
marrow films from normal individuals, erythroblasts usually 
constitute about 25 % of all marrow cells. 

A marrow smear displaying normoblastic erythropoiesis is 
one in which the vast majority of the erythrocyte precursors 
have compact condensed nuclear chromatin, while the 
recognition of megaloblastic erythropoiesis is based upon the 
presence of a greatly increased frequency of the primitive 
basophil erythroblasts (Type I cells), with numerous Type H 
cells also. 

The following is the classification finally adopted, together 
with the numbers of cases studied in each group ; 

I. With hypocellular, normoblastic marrow 

(o) Secondary to exposure to toxic substances : 4 cases 
(6) Idiopathic, of unknown origin 

(i) Progressive hypoplastic ansmia \vith fatal 

termination : 9 cases _ 

(ii) Chronic hypoplastic anremia, patients surriving 

two or more years : 2 cases _ 

(iii) Relapsing hypoplastic anaemia : 1 case 

H. With hypercellular, megaloblastic marrow 

(o) Occurring in pregnancy and puerpenum: 10 cases 
(6) Idiopathic: 6 cases 

IH. With cellular, normoblastic marrow and arrested 
myelocyte maturation : 2 cases 


Reperence 
Bomford, R. R. 
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»IES IN REFRACTORY AN.€.^UA. H- Anzimas 

lypocellular. Normoblastic Marrows rrr,rh;r-h 

S P. Daridson, L. J. Davis & J. Innes, * 

■ai Journal, 50, 355-377, June 1943 

le 16 cases of refractory anxmias wth h>fx>ccna - 
[e lo ^ -u J - <;«:oridarv’ to cx- 

ablastic marrows described, : t^era- 

e to to.xic si'bstances: one had . 

eillv with arsenic compounds and a so-on « ^ 
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a third had been exposed occupationally to the fumes of 
benzol and a foiulh to trinitrotoluene. The first two re- 
covered after several months, wlulc the third and fourth pairs 
died in six months and one month respectively. All had 
intensive treatment with iron, liver and repeated blood trans- 
fusions. The 12 remaining cases in this group were of 
unknown origin. 

The average age at which symptoms of anasmia were first 
noted in this idiopathic group was high, namely 61 years. In 
all the cases the anemia was macrocytic or normocytic in 
character. In only 2 cases were anisocytosis, poikilo- 
cytosis, ovality of outline, and macrocytosis sufficiently 
marked to suggest classical pernicious anasmia in relapse. 
In the remaining cases the films were less characteristic, 
although anisocytosis and a variable number of well-filled 
macrocytes were present, except in 2 cases which presented 
a normocytic picture. Without exception tlic hypoplastic 
process affected aU the cells formed in the marrow : 
erythrocytes, granulocytes and platelets. A reticulocyte count 
persistently higher than 1 % was present in only 3 of the cases, 
in which counts aroimd 5 % were persistently found. 

One of the most pertinent questions arising from this study 
concerns the vah'dity of accepting hypoplastic normoblastic 
sternal marrow film as pathognomonic of hypoplastic re- 
fractory anamia. The authors consider that when several 
films made froiri separate flecks of sternal marrow show a 
consistent hypocellularity, the chances that the diagnosis of 
hypoplastic anasmia is correct are increased. The possibility 
that these findings are fortuitous is rendered still more im- 
probable if they are confirmed by a second sternal puncture 
at a different site. 

Thus the demonstration of a hypocellular, normoblastic 
sternal marrow picture in a severe anasmia, macrocytic or 
normocytic in character, with a coloim index within or above 
the normal range, strongly suggests, in the absence of any 
evidence of a causative factor, that the condition is an anasmia 
of the type under discussion. If liver therapy has recently 
been administered, however, a reasonable period should be 
allowed to elapse for the occurrence of a possible reticulocyte 
“ssponse or a rise in the erythrocyte count before coming to 
final decision. The reason for this is that, in pernicious 
nd certain other megaloblastic anasmias, the earliest demon- 
trable response to liver therapy is the conversion of the 
legaloblastic mairow pichire to a normoblastic one. How- 
ver, this consideration is probably chiefly of theoretical 
iterest, since in the authors’ experience the sternal marrow 
ictures in pernicious and allied ansmias are uniformly 
ypercellular. The authors cannot find a satisfactory 
xplanatioh of the mode of production of macrocytes in this 
fpe of ansmia, but beUeve ffiat their presence in conjunction 
^‘th a hypocellular normoblastic marrow is of diagnostic 
ignificance. 

Of the 12 patients 9 died, the average period elapsing after 
le onset of symptoms being seven months. Of the remaining 
cases, the ultimate outlook for 2 is poor. The other appears 
.j have been keeping in reasonably good health for over two 
years in spite of a moderately severe anaemia. 
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STUDIES IN REFRACTORY AN.dEMIA. HI. Refractory 
Anaemias with Cellular Marrow 

by L. S. P. Davidson, L, J. Davis & J. Innes, Edinburgh 
Medical Journal, 50, 431-443, July 1943 


Of the 16 cases of refractory ansmia with hypercellular 
normoblastic marrows, 10 occurred in pregnancy and the 
puerperium. The authors have fully discussed these cases 
in a previous paper (1942). To summarize, they were cases 
of severe anaemia with hceraoglobin readings ranging from 
17 to 52% (Haldane), occurring during pregnancy or the 
puerperium and with megaloblastic sternal marrow pictures. 
They displayed temporary refractory periods varying from 
two weeks to four months in spite of intensive parenteral 
.liver’ therapy supplemented by the admimstration of iron 
and vitamin concentrates. In the majority of cases, repeated 
blood transfusions were necessary for the maintenance of 
life during the refractory period. Eventually complete re- 
cov6rv occurred, in. uU esses. 

t£ other 6 cases were of idiopathic origin. The average 
ageof this group was 41 years. Four had a hista^e-f^t 
Shlorhydria^ wWle two had free hydrochlonc acid m the 


r^tmg gastric juice. The degree of anaimia was severe in 
all the patients when they first came under notice and in 
every case the anaimia was macrocytic and hyperchromic in 
character, presenting morphological features similar to those 
of pernicious ansmia of equivalent grades of severity 
Lcucopenia was marked and platelets were scanty. Reticulo"- 
cytes were never above I %. The sternal marrow films 
when first seen were typical of pernicious anaemia in a stage 
of relapse, although much liver extract had already been 
given. With regard to treatment, the authors stress the 
necessity for energetic measures for maintenance of h’fe by 
repeated blood transfusions together with the continuance 
of intensive liver therapy until recoveiy is obtained. The 
rccoveiy of all cases in this group emphasizes the importance 
of persistence in treatment of this type of anmmia. Finall y^ 
2 cases are described of severe granulopem'a with moderate 
anramia of unknown aetiology, which followed a chronic 
courp of over two years and proved resistant to any form of 
medical treatment up to the time of writing. These cases 
showed a cellular normoblastic marrow with arrested 
myelocyte maturation. 

Referenc:e 
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THE ANAEMIAS OF PREGNANCY : A Report on the 
Hamatological Study of 48 Cases of Pregnancy with a 
Review of the Literature 

by G. A. Elliott, Journal of Obstetrics & Gynecology of the 
British Empire, 51, 198-224, June 1944 

This paper reports from the Department of Pathology of the 
British Postgraduate Medical School a detailed investigation 
of certain characteristics of the blood in (a) 28 cases of anmmia 
of pregnancy and (b) 20 control (without climcal ansmia) 
pregnant women. The investigation included; (1) ery- 
throcyte counts, (ii) leucocyte counts, (iii) hsemoglobin 
estimations (Haldane), (iv) mean corpuscular volume (Win- 
trobe, 1930), (v) reticulocyte percentage, (vi) plasma bilirubin 
(H^lewood & King, 1937), (vii) mean erythrocyte diameter 
G’rice-Jones, 1933), and (viii) erythrocyte fragility (Dade & 
Vaughan, 1938). 

Results are tabulated for both groups of patients. In the 
anjemic group, erythrocyte counts ranged from 8 -27 to 
5 X 10“ per mm.’ and haimoglobin percentages from 32 to 76. 
Mean corpuscular volumes were from 58 to 98(i’. Plasma 
bilirubin was within normal limits. Mean erythrocyte 
diameters in 10 cases ranged from 6 to 7'4{i. 

The chief feature of interest was a significant increase in 
median corpuscular fragility to normal saline, which was 
found in both groups. In the anEemic group, it was in some 
cases beyond normal limits, returning to normal after 
parturition. 

The author discusses normal htemotological standards in 
pregnancy and reviews the relevant h’terature. He suggests 
the following classification of anemias of pregnancy : 

i. Physiological anemia 

ii. Deficiency anemia of pregnancy 

a. iron deficiency 

b. megalocytic 

1. pernicious ansmia of pregnancy 

2. megaloblastic anaemia of pregnancy and the 
puerperium (Davidson, Davis & Innes, 1942) 

c. mixed iron and pemicious-anffimia-factor deficiency 

iii. Unproven 

a. acute haemolytic anaemia of pregnancy 

b. protein deficiency anaemia of pregnancy (Bethell, 
1936) 

c. vitamin B deficiency anaemia of pregnancy (Elsom, 
1935, 1937) 

iv. Unclassified. 

types not included in groups i. and ii. but regarded 
as due to pregnancy 

v. Anemia complicated by pregnancy 

These anaemias are discussed imder the above headings, an 
the author concludes with a brief consideration of symptom- 


184 



atology, treatment, and the influence of anasmia of pregnancy 
on-matemal and infantile health. There are 124 references 
to the literature. 
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MEGALOBLASTIC ANAEMIA OF PREGNANCIY AND 
THE PUERPERIUM 

by L. S. P. Davidson, L. J. Davis & J. Innes, British Medical 
Journal, 2, 31-34, ll/7/42_ 

AnEemia occurring in pregnancy and the puerperium in tem- 
perate climates, apart from the apparent anjemia caused by 
physiological clilution of the corpuscles resulting from the 
increased plasma volume of pregnancy (Dieckmaim & 
Wegner, 1934), is usually of the hypochromic iron-deficiency 
type (Davidson, Fullerton & Campbell, 1935). Very rarely 
it may be. of the classical Addisonian pernicious variety. 
More often it resembles this type but difiers from it in 
certain features and has been named “ pernicious ansEtnia of 
pregnancy.” 

In the present paper. Professor Davidson and his colleagues 
describe 16 cases of this latter variety of anxmia seen at 
the Department of Medicine, Edinburgh University. The 
anxmia was severe in all cases. Analysis of the peripheral 
blood findings indicated in many of the cases a dual deficiency 
of liver and iron, for while macrocytosis and a high colour 
index were frequent, these features were not so pronounced 
or so constant as in classical Addisonian pernicious anxmia. 
In some cases the colour indices were below unity. Free 
hydrochloric acid was also present in the gastric juice of many 
of the cases. A constant finding, however, was a megalo- 
blastic picture in films made from the sternal marrow ob- 
tained by sternal puncture. Accordingly the name “ megalo- 
blastic anxmia of pregnancy and the puerperium ” has been 
proposed for this type. 

Ten of the cases were temporarily refractory to treatment 
with liver extract, iron and other hxmatinics, but persistence 
with such treatment, and maintenance of lift with blood 
transfusions when necessary, eventually resulted in complete 
recovery in all except two cases in which death resulted from 
incidental causes. 

References 

Davidson, L. S. P., Fullerton, H. W. & Campbell, R. M. (1935) 
Brit. med. J. 2, 195 

Dieckmann, W. J. & Wegner, C. R. (1934) Arch, intern. Med. 53, 
71 & 188 

458 

THE AN/EMIA ASSOCIATED ^VITH INFECnON 
by M. F. Saifi & J. M. Vaughan, Journal of Pathology and 
Bacteriology, 56, 189-197, April 1944 

The mechanism of production of anxmia in infections is 
obscure. The investigation reported in this paper was on 
the morphology of the blood cells in anxmias associated with 
infection. The peripheral blood was examined in G) 10 mild 
infections (mostly furunculosis), (ii) 20 acute infections, and 
(iii) 14 chronic irifections (of more than 3 months* duration). 
Bone-marrow and spleen were examined in 15 patients who 
died — 1 1 cases of acute infection and 4 of chronic infection. 
Patients receiving a total dose of sulphonatnides larger than 
1 g. were e.\cluded. 

In the mild infections (group i) there was no evidence of 
anxmia. In 12 acute and 10 chronic infections there was 
anxmia of n normocj'tic or macrocytic type, with a colour 
index never above unity. There was commonly a raised 
reticulocyte count in chronic cases with severe anxmia. 
In 12 of the 15 bone-marrows examined there was evidence 
of increased activity, with Icucopoicsis predominating. 
There was no aplasia of erythropoietic tissue, in which the 


predominant cells were primary erythroblasts and normo- 
blasts. The degree and character of the hxmopoietlc 
response appeared to be unrelated to type of infection, 
severity of anxmia, or age of patient. 

On the scanty evidence available, the authors suggest that 
the anxmia associated with infection is due to interference 
of hxmoglobin synthesis resulting in arrest of erythropoiesis 
at the level of normoblasts and primary erythroblasts. 
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ERYTHROBLASTIC AN^IIA OF CHILDHOOD 
(COOLErS AN/EMIA) IN CYPRUS 
by A. L. Favvdry, Lancet, 1, 171-176, 5/2/44 
Details of 20 cases of this anxmia (Cooley, Witvver & Lee, 
1927) occurring in Cyprus are given, with a review of the 
h'terature and the differential diagnosis. All' the patients 
were Greek Cypriots aged 6 months to 12 years except one 
case, which is fully reported, occurring in a man aged 20. 
Points worthy of special note were: the preponderance in 
males (15 out of 20 cases) ; the febrile onset ; the occasional 
history of earth eating ; the fact that in spite of gross physical 
changes, no adverse effect on mental development was found 
and many children seemed unusually intelligent ; mongoloid 
features were constant in the children over the age of 6 years, 
and radial striation of the calvarium, although very distinctive 
when seen, was not as common as simple thickening. 

The subjective severity of the disease was entirely a function 
of the degree of anxmia present, which was remarkably 
constant over a long period of time. It was always hypo- 
chromic and curiously lacked correlation with the age of 
the ehild, the date of onset of the illness, the bone-changes, 
or the number of nucleated erythrocytes in the peripheral 
blood. Leucocytosis was common in the younger children, 
but usually absent in the older ; on the whole, the per- 
centage of lymphocytes was increased and occasionally the 
monocytes also. Of the nucleated erythrocytes seen in the 
peripheral blood, the vast majority were normoblasts, but in 
most cases there was a small proportion of more primitive 
cells. Target cells were present in 50 % of cases. No. evi- 
dence of malaria as an xtiological agent was found. The 
bone marrow showed a constant marked normoblastic 
reaction. With regard to treatment, none was of any 
permanent value. Blood transfusions, iron and liver therapy 
were all given without success. 
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RED-CELL SUSPENSION TRANSFUSIONS 
by L. Watson, Lancet, 1, 107-111, 2311143 
In acute hxmorrhage and shock there is a profound fall in 
the circulating blood volume, which may be restored by the 
transfusion of whole blood.' In these cases, however, it is 
not so much the replacement of the erythrocj-tes that is 
required, as the restoration of the blood volume. The 
use of crystalloid solutions such as normal saline results in 
a transitory beneficial effect, but a more prolonged effect is 
obtained with colloid solutions. Of the latter, plasma pre- 
pared from human blood has been found to be ideal under 
war conditions, as it can be well preserved without the use 
of refrigeration and in the dried form can be transported 
an>’where irrespective of temperature. 

In the preparation of plasma the erythrocj tcs arc normally 
wasted, but there are conditions in which erythrocytes arc 
required but blood volume is normal and there is therefore no 
need for plasma. The author, working at the Lec^ General 
Infirmary, has made use of the waste erythrocytes fro.Ti a 
Regional Transfusion Centre in the treatment of an.T.m:c 
patients. This is no new form of therapy as it was used as 
early as 1918 by Robertson, in 1937 by Castellanos & Riera. 
and in the present war by Beumer & Schwartacr (1939). 
MacQuaide & .MoUinson (1940), W.itby (1941). VaL-ehan 
(1941), Davidson & Stewart (1941), and Willla.ms & Daw 
( 1941 ). : 

In the present paper, the author reports the results c; 
46 transfusions of concentrated co'thtocytcs to 22 adult 
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jatients, 13- suffering from ansemia following hsmbirhage, 
5 from chronic anaemia and 4 miscellaneous cases. 

Donors were relieved of 440 cm.® of blood which was 
collected in bottles containing 100 cm.® of 3 % sodium 
citrate solution. This blood was allowed to stand for 
periods varying from 3 to 12 days at 4° C. The supernatant 
plasma was then siphoned off and the remaining mass was 
filtered through a gas mantle. The concentrated erythro- 
cytes from several bottles were then pooled to produce a 
suspension containing about 290 cm.® of erythrocytes, 
157 cm.® of plasma, and 75 cm.® of citrate solution per bottle 
and furnishing about 18 grams of haemoglobin per 100 cm.® 
of suspension. This suspension could be given to the patient 
by the ordinary gravity drip method, but if it was more 
concentrated it was found necessary to provide some form of 
mechanical pump to maintain a constant flow. The author 
used only cells from Group O blood, but stresses the im- 
portance of performing a thorough cross-matching of donor’s 
and recipient’s bloods before transfusion is commenced. 
Transfusions were administered wth the standard Medical 
Research Council equipment. 

In general, the results of the treatment appeared clinically 
to be as good as if whole blood had been used. No systematic 
observations were made on the survival of transfused erythro- 
cytes, but it was noted in one case of aplastic ana:mia that 
cells which had been stored for 6 to 10 days survived in the 
circulation for 40 days, while cells stored for 12 or 13 days 
survived only 14 days. 

If the pre-transfusion hemoglobin level, the body weight 
of the recipient, and the desired rise of hemoglobin are 
known, the transfusion volume can be accurately prescribed, 
as in the following exarriple : Initial Hb 5 grams per 100 cm.® 
Body weight 55 kg. Desired Hb level after transfusion, 
15 g./lOO cm.®. Hb concentration of erythrocyte suspension, 
20 g./lOO cm.®. Then blood volume is approximately 
55/11 =5 litres. Total Hb in body before transfusion is 
5000 X 5/100 = 250 grams. Total Hb in body after trans- 
fusion is 5000 X 15/100 = 750 grams. Therefore Hb to be 
added is 500 grams, and this is contained in 2500 cm.® of the 
erythrocyte suspension. This method of calculating dosage is 
ially valuable where children are concerned, 
e author recommends that (i) concentrated erythrocyte 
nsions should be used when the object of treatment is 
store the oxygen-canying capacity of the blood, (ii) eiy- 
ytes should not have been stored for long, (iii) Group O 
i should be used for making the suspension, (iv) suspen- 
should not be warmed before administration, (v) for 
msions containing more than 18 g. Hb per 100 cm.® a 
ell’s (1939) pump should be incorporated in the trans- 
luaiun apparatus, (vi) the transfusion volume should be 
calculated in terms of Hb, (vii) cases of refractory anaemia 
should have repeated erythrocyte suspension transfusions, 
(viii) not more than 100 cm.® of a suspension should be 
transfused to an out-patient on any one occasion. 
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THE TRANSFUSION OF CELL CONCENTRATES 
by A. L. Goodall, Glasgow Medical Journal, 141, 161-171, 
June 1944 


The author reports 100 transfusions of concentrated (average 
9 X 10“. per mm.®) erythrocytes performed in the Glasgow 
and West of Scotland Blood Transfusion Service at G Jfgow 
Royal Infirmary. The cases were of a surreal Ooss of blood) 
and medical (blood disorders) nature Md included most 
types for which transfusion of blood is indicated. ^ 

accident in a patient with much fatty infiltration of the 
myocardium, administration by the drip method was used 
invariably, at a rate of about 60 drops per minute. There 
was.no dfficulty in infusing the concentrate by this method. 
There was a low incidence of reaction. 


The changes resulting from the transfusions, expressed as 
mean rises per cells obtained from 500 cm.® blood, were: 
haimoglofain, 1-49 g. per 100 cm.®; erythrocytes, 480 000 
per mm.® ; packed cell volume, 3-49 %. ’ 

The author regards erythrotransfusion as a safe and useful 
measure which is in some cases preferable to whole blood 
transfusion. 
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THROMBOCYTOPENIC PURPURA 
by H. Evans & K. M. A. Perry, Lancet, 2, 410-413, 2/10/43 
This review deals with 75 cases of thrombocytopenic purpura 
treated at the London Hospital between 1927 and 1938. 
Thirty of the cases (40 %) occurred before the age of 15 years 
and these were equally divided between the sexes. In ten 
of them, there was spontaneous recovery and, of the remaining 
twenty, splenectomy was successful in 5 males and unsuc- 
cessful in 4 females. One patient died with septic meningitis 
following chronic mastoiditis and 5 died as a direct result of 
the disease during the period of observation. The remaining 
5 cases could not be traced. The analysis shows that this 
is a serious disease with a high mortality (16%), but that 
10 cases out of the 30 (5 of each sex) recovered spontaneously. 

Of the 45 cases (60 /O which occurred after puberty, 38 were 
females, only one of whom made a spontaneous recovery. 
Splenectomy was successful in only 7 out of 13 females, the 
mortality during the period of observation being as high as 
40 %. It is evident that the disease is much more severe in 
women than in children, for in women the mortality is high 
(16 deaths in 38 cases) and the likelihood of spontaneous 
recovery small (1 case out of 38). Half of the deaths were 
due to subdural hremorrhage. 

The disease in males after puberty seems to be less severe 
although it is unwise to judge from the 7 patients in this series, 
only one of whom died — again from subdural hffimorrhage. 
One pafient died following thyroidectomy after he had been 
cured of thrombocytopem'c purpura by splenectomy. ' One 
case remained “ unchanged ” and one could not be traced. 
There were two spontaneous recoveries and two patients were 
cured by splenectomy. 

In the whole series splenectomy was successful in 7 out of 
7 males and ill 7 out of 17 females. There were three opera- 
tive deaths. Splenectomy is most successful in males before 
puberty and least successful in adult females, but it may at 
any age be a life-saving measure and is sometimes advisable 
in the hope of preventing subdural hasmorrhage. 
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THE SOURCES OF BLOOD PLATELETS AND THEIR 
ADHESIVENESS IN EXPERIMENTAL THROMBOCY- 
TOSIS 

by H. P. Wright, Journal of Pathology and Bacteriology, 56, 
151-159, April 1944 

A rise in the number of circulating thrombocytes in rabbits 
and guinea-pigs after intravenous injection of pyridine was 
described by Perroncito (1920), who considered that there 
was an increased production and not merely a release from 
storage. Binet & Kaplan (1927) observed an increase in 
thrombocytes after injection of adrenalin in intact but not in 
splenectomised dogs, and suggested that the increase was due 
to release from a contracting spleen. Wright (1942) found 
that the thrombocytosis in man after surgical operations was 
associated with increased adhesiveness of the thromboc 3 rtes. 

The work reported in the present paper was undertaken to 
determine whether experimental thrombocytosis was accom- 
panied by increased adhesiveness. Methods of counting 
thrombocytes and measuring their adhesiveness have been 
described in earlier papers (Wright, 1 941 , 1 942). The expen- 
mental procedures used in the present inv^trgation are 
described and results are tabulated. In the intact rabbit, 
thrombocytosis was provoked both by pyridine and adrenalin, 
but only after pyridine was there an increased adhesiveness. 
In splenectomised rabbits, adrenalin had no effect, while 
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pyridine evoked a response which was minimal during the 
period when the increase in numbers and adhesiveness of the 
thrombocytes induced by the surgical trauma was maximal. 
As the thrombocyte count returned to normal, the effect of 
pyridine increased. 

The authors conclude from these and other considerations 
that adrenalin produces a release of mature thrombocytes 
from the spleen, while pyridine increases the production of 
new thrombocytes from bone-marrow. It is suggested that 
the increased adhesiveness after pyridine and after surgical 
trauma is due to a reduction in the average age of the circulat- 
ing thrombocytes and not to a mere increase in their number. 
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ILEMORRHAGIC DISEASE OF THE NEWBORN 
by E. B. S. Scobbie, Archives of Disease in Childhood, 17, 
175-186, December 1942 

In this paper from the Department of Pediatrics, Glasgow 
University, the criteria necessary for the diagnosis of 
hemorrhagic disease of the newborn are discussed with 
reference to the literature. The author accepts aifford’s 
(1935) definition, “ spontaneous internal or external 
hemoirhage in the newborn infant in the absence of trauma, 
infection or other definite disease.” 

The records of 167 cases of htemorrhage in the newborn 
infant were studied, 146 of which fall strictly within the 
bounds of the above -definition. Eighteen of these cases 
were examined personally by the author. Analysis of the 
incidence rate corresponds in most respects with previous 
reports in the literature. The cases have been grouped into 
3 classes according to the percentage of ha:moglobin : 

Severe . . . . Hb under 80 % 

Moderate . . . Hb80%-1{)0% 

Mild .... Hb over 100% 

Observations were made on the level of prothrombin in the 
blood in 15 cases of hajmorrhagic disease. The method 
used was Reid’s (1941) modification of Quick’s method and 
the level of prothrombin is expressed as the prothiombin 
index (Illingworth, 1939), which is 

normal prothrombin time ^ 
patient’s prothrombin time 

The following results were obtained : 

. In 7 severe cases prothrombin indices of 70 %, 43 %, 35 %, 

25%, 20%, 14%, 

5 % 

In 3 moderate cases „ „ 73%, 40%, 18% 

In 5 mild cases „ „ 65%, 60%, 58%, 

45%, 31% 

A marked variation of the prothrombin index was noted 
and there was a lack of correlation between the hypo- 
prothrombinsmia and the severity of the case. 

The prothrombin indices of 75 healthy newborn infants 
were estimated as a control. On the first day of life 24 %, 
on the second day 12 %, and on the third day 8 % had 
prothrombin indices imder 50%, as compared with 67% 
of the cases of hsmorrhagic isease. However, the pro- 
thrombin index in ha:morrhagic disease is not constantly 
lower than in physiological hypoprothrombintemia. 

The effect of subcutaneous blood and vitamin K injections 
on the prothrombin index , in physiolopcal hypopro- 
throrabinaimia and in haemorrhagic disease ^vas determined. 
Subcutaneous blood had practically no effect, whereas 
vitamin K produced a constant elevation although there was 
sometimes a delay in its action. Blood transfusion in 4 
cases of haemorrhagic disease caused a considerable increase 
of prothnJmbin. ■ 

The author attempts to analyse the effect of treatment on 
the mortality rate in this series. The relatively small number 
of cases treated with vitamin K makes this difficult. Results 
seem to show that intravenous blood is superior to vitamin K 
or subcutaneous blood as a therapeutio agent. Vitamin 


K therapy seems to cause a lower mortality rate than does 
treatment with subcutaneous blood. 

The view that vitamin K deficiency explains the retiology 
of haemorrhagic disease is not supported by these findings, 
although it appears to be an important factor. 
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ELUPTOCYTOSIS IN MAN ASSOCIATED WITH 
HEREDITARY HLEMORRHAGIC TELANGmCTASIA 
by J. B. Penfold & J. M. Lipscomb, Quarterly Journal of 
Medicine, 12, 157-167, July 1943 

These authors review the literature on eUiptocytosis and 
on hereditary haemorrhagic telangiectasia and record the 
findings in a Jewish family of 32 members in 4 generations, 
in 5 of whom there was evidence of telangiectasia and elUp- 
tocytosis, while in 4 there was evidence of telangiectasia alone. 

Those members showing elliptical erythrocytes had in 
addition signs of haemolytic icterus, a delayed direct van den 
Bergh reaction, without an increase in fragility. Three 
members showed a slight degree of secondary an$mia, while 
1 had an increase in erythrocytes. All 5 had over 90 % of 
oval erythrocytes in their blood, and although the percentage 
varied from person to person it seemed to be quite constant 
for the individual concerned. The wet film gave consistently 
higher percentages than the dry film and the change in the 
wet count on keeping was not significant (cf. sickle-cells). 
The authors believe that the count done on the dry blood 
film is not reliable, as the number of oval cells varied with the 
film, particularly with its thickness. The oval cells were 
most numerous where the film was thickest, becoming fewer 
as the film became thinner. 

Blood from three of the subjects was diluted 200 times in 
hypertonic (1 -2 %) and hypotom'c (0-6 %) saline, and daily 
counts of the total and oval erythrocytes were made. In the 
hypertonic saline, the absolute number of oval erythrocytes 
diminished to a minimum at about the third or fourth day, 
rising again later (about the fifth or sixth day) to a figure 
not as high as the original. There was a diminution in the 
total count, gradual at first and more rapid later. Corre- 
sponding to the absolute diminution of the oval cells at about 
the third or fourth day, there was at that time an absolute 
increase in the cells which appeared circular. Similar 
results were obtained in the hypotonic'^line soluTion. 
These observations showed that the oval shape could be 
changed by alteration in the physical characters of the 
medium. 

Findings from the following haematological studies were 
normal : erythrocyte fragility test, total leucocyte count, 
differential leucocyte count, platelet count, bleeding time. 
Coagulation time and Wassermann and Kahn reactions. 

It is suggested that the appearance ' of eUiptocytosis in 
association with hereditary hsmorrhagic telangiectasia could 
be satisfactorily explained if both were regarded as atavistic 
mutations. This view has been put forward by others 
in connexion with eUiptocytosis and rests chiefly on the 
fact that most vertebrates lower than the mammals have 
oval erythrocytes. This is evidently the primitive type of 
erythrocyte. 

It is not impossible that telangiectasia is also a reference 
back to an amphibian state in which the mucous membranes 
of mouth and throat regions and the skin are accessory 
breathing surfaces and therefore highly vascular. 

The authors draw particular attention to the icteric pheno- 
mena present in their cases of eUiptocytosis and point out 
that this featurf, although seldom mentioned in text books, 
was present in not less than 12 % of the recorded cases. The 
nature of the mechanism causing the increased ha:moIj-sis is 
not known. 
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TROPICAL EOSINOPHILLA. 

by R. J. Weingarten, Lancet, 1, 103-105, 23/1/43 

Under this title, the author describes 81 ca^ of a irew 

sjTidrome characterised by sc\'erc spasmodic bronchitis, 

leucoc>losis and \ery high cosinophilia. The condition is 
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common in India and particularly affects people living near 
the sea. It has no apparent relation to tuberculosis or any 
other disease, and begins with lassitude, fever rising as a rule to 
100-101° F. [about 37-9-38-3° C] in the evening, anorexia, 
and usually appreciable loss of weight within a short time. 
After about a week of these symptoms, a dry, ineffective 
cough develops, with exacerbation. at night. The patient’s 
sleep is interrupted by paroxysms of coughing, and these 
are often accompanied by wheezing sounds audible at a 
distance. Gradually he develops expiratory dyspnoea which 
even persists during the intervals between attacks of coughing, 
and this stage lasts many weeks. In some cases, however, 
severe attacks of typical bronchial asthma occur regularly 
every night, usually between 1 and 5 a.m. ; but the restless- 
ness, sense of suffocation and anxiety are not so alarming as 
in genuine asthma. In the day-time the patient is compara- 
tively free from coughing and breathlessness. After some 
weeks the temperature becomes subfebtile, and there is no 
further loss of weight. General weakness decreases to some 
extent, but more or less violent paroxysms of coughing, and 
in many cases asthmatic attacks, persist at night, and if no 
treatment is given become chronic. Physical signs, during 
the more typical attacks, resemble those of bronchial asthma. 
If there is any expectoration, ’the sputum is scanty, tenacious 
and glassy. On microscopic examination, Charcot-Leyden 
crystals or Curschmann spirals are rarely seen, but clumps of 
eosinophils are often found. During the febrile period the 
spleen is moderately enlarged, extending 3-5 cm. below the 
costal margin ; it is hard, smooth and not tender. The 
x-ray picture of the lungs during the febrile period shows a 
distinctive disseminate mottling of both lungs, the average 
single focus being about the size of a split pea with moderate 
intensity of its central shadow and ill-defined, blurred out- 
lines. These foci are more numerous and usually slightly 
larger in and near the hilar regions, and commoner in the 
bases than in the apices ; they are not confluent but both 
lungs are equally aflfected. Adrenalin gave prompt relief in 
the spasmodic attacks and a course of injections of arsenicals 
was found to be a specific remedy. 

[Carter, H. F., Wedd, G. & d’Abrera, V. St. E. (1944, Ind. med. 
laz. 79, 163) have recently reported from Ceylon similar cases 
/hich were associated with the presence of parasites, including 
pecies of Tyroglyphus, Carpoglypitus, Glyciphagtts, Clieylelus and 
''arsonemus, in the sputum. They suggest that “ tropical eosino- 
ihilia ” may be due to infestation by these parasites.] 
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TROPICAL EOSrSOPHILIA 

by B. G. Parsons-Smith, Lancet, 1, 433-434, 1/4/44 

The author reports a typical case of tropical eosinophilia, 
as recently described by Weingarten (1943), occurring in an 
English airman in Egypt. After the first two injections of 
neoarsphenamine, there was a recrudescence of the condition, 
a common occurrence in Weingarten’s cases, but subsequent 
injections produced a dramatic, rapid and permanent cure. 
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AGRANULOCYTOSIS AND APLASTIC AN/EMIA 

AFTER ARSPHENAMINES 

by J. W. Ferguson, Lancet, 1, 334-337, 11/3/44 

Since the introduction.of organic arsenicals in the treatment 

of syphilis, there have been a number of reports of toxic 

effects on the hemopoietic system, altho^’gh in view of the 

widespread use of these compounds this would appear to be 

a relatively rare complication. 

The author gives case records and details of blood and 
bone-marrow findings in 6 soldiers and seamen who developed 
blood dyscrasias after neoarsphenamine treatment. In the 
first 5 cases there was agranulocytosis, and the sixth showed 
depression of all marrow elements. Three of the rases were 
fatal, and in the 3 which recovered an increased absolute 
number of monocytes was found. The first 5 rases had 
received an average of 5 injections 
average total dose being 2-1 g. 

received 5-7 g. of neoarsphenamine and 2-Og. of fi/^muth. 

The more favourable prognosis in cases in which there is 


an increase of monocytes in the peripheral blood has nn. 
yiously been remarked (Beck, 1933 ; Rosenthal’ & A^l’ 
1936 ; Reznikoff, 1938). 

The author is of the view that pentnucleotide assisted 
recovery in the 3 non-fatal rases. 
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ESTIMATION OF HvEMOGLOBIN BY THE ALKA- 
LINE ELEMATIN METHOD 

by J. W. Clegg & E. J. King, British Medical Journal 2. 
329-333, 19/9/42 

The authors of this paper, an Area Clinical Pathologist in the 
British Emergency Medical Service (Ministiy of Health) and 
a Reader in Pathological Chemistry (University of London), 
discuss haemoglobinometric methods in current use and give 
particulars of a new technique employing alkaline hsmatin 
as a standard. 

The haem-pigments circulating in the blood may be divided 
into an active fraction (reduced haemoglobin and oxyhemo- 
globin) and an inactive fraction (chiefly rarboxyhemoglobin 
and methemoglobin). A satisfactory method of estimating 
haemoglobin should measure both fractions. The Haldane 
and acid haematin methods may not measure total pigment 
with the degree of accuracy desirable. Commercial standards 
are often unreliable and may fade. The pyridine haemo- 
chromagen method is rejected by the authors because of the 
objectionable nature of the reagents employed. 

Criteria of a satisfactory method are described. These 
include the measurement of total pigment, reasonable 
accuracy, simplicity, the use of non-toxic reagents, and some 
permanent and easily reproducible standard. The alkaline 
haematin method of Wu eliminates errors which arise in the 
acid hsmatin procedure due to lipids, the colloidal nature 
of acid haematin, and the presence of inactive hemoglobin. 
Alkaline hematin has the advantage of being a true solution 
and is easily prepared both from hemoglobin and from 
crystalline hemin. Hemin is easy to prepare in a pure 
state from hemoglobin, and its iron content may be estimated 
with accuracy. Thus it appeared to satisfy the authors’ 
criteria for a suitable standard, and was investigated for this 
purpose. 

Sixteen samples of crystalline hemin were prepared from 
ox and human bloods and the iron content of each was deter- 
mined. Solutions of alkaline hematin were prepared from 
each sample. The specific extinction coefficients were found 
to agree closely. The intensity of colour was proportional 
to the concentration of hremin iron, and impurities failed to 
influence the colour. 

Several forms of haemoglobin occur in normal blood, some 
of which are resistant to alkali denaturation. Whatever the 
proportion of alkali-resistant haemoglobin in a blood sample, 
if a 1 in 100 dilution in decinormal soda is prepared and 
placed in a boiling-water bath for five minutes, all the haemo- 
globin is converted into alkaline hmmatin. Similar treatment 
converts all inactive forms of haemoglobin into alkaline 
haematin. The colour developed is not significantly in- 
fluenced by the amount of lipoid or plasma. in the sample. 

Determination of hremoglobin in blood samples, based on 
the assumption that 1 mg. haemin iron in the standard was 
equivalent to 1 mg. haemoglobin iron in the test, yielded 
results uniformly about 30 % higher than determinations 
based on the oxygen-carrying power of the same sample. 
It was then found that solutions prepared from hasmin and 
blood gave colours whose absorption curves differed slightly 
in the red portion of the spectrum. 

Samples of human and ox haemoglobin were prepared and 
their iron content was determined. Solutions of alkaline 
haematin were prepared from each sample and their sp^mc 
extinction coefficients and absorption curves were determined. 
The curves derived from the haemoglobin solutions were 
identical with that from blood, and the colour produced was 
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30 % higher than would be anticipated from the iron content, 
when compared with hasmin standards. 

Thus hasmin is not a theoretical standard in the sense that 
four molecules of haemin should give the same colour as one 
molecule of hemoglobin ; but it can be employed satisfac- 
torily as an artificial standard. The colours of the solutions 
are almost identical in the concentrations used for the test, 
and are matched with ease and accuracy. The standard 
appears to be unchanged during several months. 

Details of methods for the estimation of total haemoglobin, 
using haemin as a standard, are given, together with instructions 
for the preparation of standard solutions equivalent to 100 % 
of the Haldane, Sahli, and Haden scales.^ 

The authors had employed this method for many months 
and found it to give excellent results. Where many deter- 
minations were made daily it \vas quicker and more reliable 
than other methods they had used. 
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A SIMPLE INEXPENSIVE PHOTOELECTRIC H/EMO- 
GLOBINOMETER 

by G. H. Bell & E. Guthmann, Journal of Scientific Instill- 
ments, 20, I45-I46, September 1943 

This paper, from the Institute of Physiology, University of 
Glasgow, describes a simple and inexpensive colorimeter 
which is unaffected by variations in the light source or photo- 
cell characteristics. To avoid calculating the extinction- 
coefiicient (E) at each estimation, a pointer attached to the 
lamp moves along a scale which is calibrated directly in 
E values obtained by a simple calculation. With the lamp 
at the maximum distance Do from the photocell and with 
water alope in the glass cell, the galvanometer deflexion is 
noted ; blood is added to the water in the glass cell and the 
lamp is pushed up to a distance Dj from the photocell where 
the photocell ciurent is the same as before. The E = log 
Do®/Di*. Details of the construction and calibration as a 
haemoglobinometer are given. All the component parts are 
readily available, and inexpensive. A modification of the 
simple instrument is also described using a balanced circuit 
with two photocells in parallel opposition to cancel out the 
light fluctuation when the lamp is supplied from either direct 
or alternating current mains. 
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PLASMA PROTEIN VALUES IN INFANTS 

by E. M. Hickmans, E. Finch & E. Tonks, Archives of Disease 

in Childhood, 18, 96-97, June 1943 

This report from the Children's Hospital, Birmingham, deals 
wth the results of plasma protein determinations in 20 
premature babies and 180 normal full-term infants 'and young 
children up to 40 weeks old attending infant welfare centres. 
Estimations were made by a micro-Kjeldahl method, followed 
by Nesslerization, on specimens of 0-01 ml. of plasma ob- 
tained from heparinized blood from a heel prick. [Whether 
the amount of heparin used was sufficient to affect the nitrogen 
figures is not stated.] 

It ^vas found that in the first 2 weeks of life the infant has 
between 4 .and 7 g. per 100 ml. plasma protein, although “ in 
the majority of instances ” the value was below 6 g. per 100 ml. 
Values for premature infants in the first four weeks of life 
were between 3-7 and 5-4 g. per 100 ml. The range for full- 
term infants over 2-3 weeks old was 4-7-7-4 g. per 100 ml. 
In infants over 10 weeks old “ most of the values lie in the 
upper half of this range, viz. between 6 and 7 • 4 g. per 100 ml.” 
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THE EFFECT OF THE PLASMA PROTEINS UPON 
the SEDIMENTATION RATE OF HUMAN BLOOD 
by C hf. Gordon & J. R. Wardley, Biochemical Journal, 
37, 393-397, September 1943 

It has been known for some time that the sedimentation rate 
of crythrocj’tes is determined in part by the protein con- 
stituents of the plasma. No clear correlation has, howes’er. 


been found between the sedimentation rate and the con- 
centrations of the various plasma proteins although Frazer 
& Rennie (1941) found a fall in plasma albumin and, to a 
smaller extent, increase of fibrinogen, to be associated with 
an increased sedimentation rate. In this paper from the 
Pathological Department of the Lake Hospital, Ashton-under- 
Lyne, the problem has been approached, by building up 
‘ pathological plasmas ’ with protein fractions prepared from 
normal plasma, and observing the behaviour of normal cells 
suspended in them. In most cases the protein concentrations 
of the solutions were about 3 g./lOO ml. of 0 • 85 % NaCl and 
the cell volume suspension was 20%. Sedimentation was 
observed in Westergren tubes, usually at the end of 1 hour. 

The most rapid sedimentation rates were found with 
fibrinogen and euglobulin, the order being fibrinogen (100 mm. 
in 1 hour) > euglobulin > globulin > albumin (1-5 mm. in 
1 hour). The results were, however, affected by the treatment 
to which the protein fractions were submitted during their 
isolation. The “ slower” proteins when mixed with “ fast ” 
proteins did not merely reduce the sedimentation rate by 
acting as a diluent. Nucleoprotein, albumin and the “ globo- 
glycoid ” fraction of albumin, retarded the sedimentation rate 
of cells suspended in solutions of fibrinogen. Sedimentation 
was slightly accelerated by total globulin and its euglobulin 
fraction. Sedimentation can take place in the absence of 
fibrinogen which, however, plays the chief part in determining 
the rate. 

From two experiments it was concluded that an artificial 
mixture of proteins from “ normal ” plasma can closely 
resemble naturally-occurring pathological plasma :n its effect 
upon sedimentation. By altering only the globulin fractions 
in “ artificial tuberculous plasma ” the sedimentation rate 
could be changed from 94 to 26 mm. When crystalbumin 
was substituted for the total albumin of “ artificial nephritic 
plasma” the sedimentation rate increased from 15-0 to 
145 mm. ; when globoglycoid was substituted it was reduced 
from 15-0 to 1 -0 mm. 
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CHANGES OCCURRING IN PLASMA AND SERUM ON 
STORAGE AND THEIR PHYSIOLOGICAL EFFECTS 
by H. P. Gilding & M. E. Nutt, Journal of Physiology, 102, 
446^70, April 1944 

These experiments reported from the Department of 
Physiology in the University of Birmingham deal with the 
toxic effects in cats following the rapid injection of plasma 
or serum, either human or from cats, wWch has been stored 
forever 14 days. From 0-5-2 ml. of plasma or serum, which 
had been stored for periods up to 18 months, was rapidly 
injected warm, usually into the internal saphenous vein of 
cats anssthetised with “ dial.” Injection at the rate of 
0-6 ml./kg./minute was followed by similar but much less 
striking effects. No toxic manifestations followed injection 
of fresh (prepared within 45 minutes of bleeding) plasma. 

Although the cat was found to be the most suitable animal 
in which to demonstrate the toxic properties of stored serum 
and plasma, toxic reactions were observed in dogs, in rabbits 
and in two apparently healthy men. In the animals, records 
were taken of systemic and pulmonary arterial pressure, 
venous and intrapleural pressure, intestinal and limb volume, 
and total and differential leucocyte count. 

The following reflex effects were noted both in anasthetised 
and in decerebrate cats within 20-30 seconds of giving the 
injection — vagal inhibition of the heart tvilh actual arrest in 
some cases, profound fall in the systemic and an increase in 
the pulmonary arterial pressure, altered respiration which 
sometimes ceased, increased peristalsis, micturifion, defaxa- 
tion, vomiting, pupillary constriction, opisthotonos and a 
leucopenia which was followed after some hours by Icuco- 
cytosis. Necropsy revealed that the capillaries of the lungs 
and suprarenals and, to a minor extent, of the liver were 
packed with pol>morphonuclear leucocytes, a finding which 
has been described preriously in anaphylaxis, but it was 
established that this phenomenon was not responsible for the 
reflex response to plasma injections. Injection of plasma 
into the splenic vein was not followed by the massive reflex 
effects but still produced a leucopenia suggesting that the 
liver can protect the animal from the toxic effects of stored 
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plasma, most of which are abolished by vagotomy or by 
atropine. Cross-circulation experiments supported the find- 
ing that the effects mentioned above were reflexly produced. 
It was established that the vagus, although the most important, 
cannot be the only sensory nerve involved in the reflex, which 
may be initiated by pressure changes in the pulmonary circu- 
lation. 

All these phenomena, which resemble those occurring in 
anaphylactic shock, were shown to be the result of storing 
plasma or serum for some 3-4 weeks'. The clotting process 
seems to play no part in the development of toxicity and the 
breakdown of platelets is not responsible. The activity is 
associated with an albumin which is precipitated by 66-75 % 
saturation with ammonium sulphate (and by other methods) 
and represents not more than 8 % of the total protein of the 
original serum or plasma. The different conditions described 
following the injection of stored human or cat plasma into cats 
“ may merely represent different methods of eliciting a general 
physiological response to the injection of foreign matter into 
the circulation.” * 


474 , 

A STUDY OF THE ACCURACY OF SERUM PROTEIN 
ESTIMATIONS AND OF DIURNAL VARIATIONS IN 
THEIR LEVEL . 

by M. Dyson & G. Plaut, British Medical Journal, 2, 6-7, 

ZPIAI 

In this investigation from the North-West London Blood 
Supply Depot, serum protein was determined by the micro- 
Kjeldahl method of Pregl (1937) and by the method of King 
and his associates (1937, 1942) which employs KjeldahL 
digestion followed by Nesslerization and colorimetric 
determination. In order to test and compare the two 
methods, ten estimations on each of ten samples of the same 
serum were made, the procedure being repeated with each of 
ten different sera with protein values between 6-03 and 7-40 g. 
per ml. giving 100 estimations in all by each method. The 
results obtained by both methods were analysed separately in 
1 of two ways ; (a) by computing the grouped differences 
(6) by determining the average standard deviations, 
hi methods of treatment showed that the micro-Kjeldahl 
nique is the more accurate. With the latter method, 
iges of less than 0-15 g. per 100 ml. should be ignored, 
changes of 0-15 to '0-20 are probably, and those over 
3 are almost certainty significant, whereas with King’s 
hod a difference must exceed 0-40 g. per 100 ml. before it 
be considered significant, 

0 determine whether there is a sigm'ficant diurnal variation 
;erum protein under '‘-'ordinary working conditions” 

mples were taken at two-hourly intervals between 9 a.m. 

and 6 p.m. from 20 healthy persons of ages between 18 and 50. 
No great variations were found by either method. This 
finding does not agree with the published results of other 
authors, but Dyson and Plaut emphasise “ that many varia- 
tions in serum protein recorded in the literature are not 
significant and that changes in the character of tissue and 
circulating fluid cannot be calculated from changes in serum 
protein unless accurate methods with a known technical error 
are employed and standard conditions of posture and exercise 
adopted.” 
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FIBRINOGEN DEFICIENCY AS^A FACTOR IN UM- 
MORRHAGIC DISEASE 

by E. C. Allibone & H. S. Baar, Archives of Disease in Child- 
hood, 18, 146-153, September 1943 ^ 

This paper, from the Children's Hospital and the Department 
of Paediatrics at Birmingham University, contains the descrip- 
tion and discussion of two fatal cases of fibrinogen deficiency 
in infants. A review of the literature showed that some 
fifteen cases had previously been reported, ten of which 
occurred in infants or children. In five of these cases, and 
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in one now reported, a low thrombocyte count was associafPd 
with a low plasma fibrinogen. The' authors accept the S 
that fibrinogen deficiency can exist in two forms Con 
genital fibrinopenia is characterized by a tendency to bleed 
from birth, although in cases which survive with a cm. 
tinuously low or absent plasma fibrinogen, the bleedine 
becomes periodic for reasons- which . are at present nni 
understood. 


The authors’ first case belonged to this group, the ffitioldgy 
of which IS quite unknown. The plasma fibrinogen ms 
0-11 g. per 100 ml. and the coagulation time exceeded 4 hours 
The second case was regarded as belonging to the second 
group— acquired transient afibrinogenia following con- 
genital obliteration of the bile ducts, complete obstructive 
jaundice, and biliary cirrhosis. The fibrinogen was initially 
nil but reached 0-34 g. per 100 ml. 3 days before death. It 
was considered that evidence exists for the production of 
fibrinogen by the bone-marrow as well as by the liver, which 
may explain the thrombocytopenia found in some cases, the 
gradual increase in plasma fibrinogen in the second case with 
extensive liver damage, and the fact that gross liver damage 
can exist with normal plasma fibrinogen. The relationship 
between prothrombin, fibrinogen, and other coagulation 
factqrs is discussed. 


Circulatory Dynamics 

476 

SYNCOPE IN BLOOD DONORS 

by F. C. Poles & M. Boycott, Lancet, 2, 531-535, 7/11/42 

In this paper from the British Army Blood Transfusion Service 
the authors have analysed the causes of fainting in blood 
donors. Of their first 10,000 donors only 2-9% fainted, but 
of these 14% collapsed after their return to work, an accident 
which might have serious consequences. All donors were 
kept lying down for 15 minutes after bleeding and were given 
a cup of tea and a biscuit, and they then remained sitting 
for another 5 minutes before returning to their work. The 
common clinical findings of those who fainted were pallor, 
sweating, slow breathing and a low blood pressure. The 
systolic pressure may still be below 100 mm.Hg. an hour after 
bleeding and may take 2 hours to return to normal. Fainting 
affected both sexes equally but was much commoner in young 
people. Greenbury (1942), however, found that youhg 
female donors were most likely to faint than males especially 
in the age-group 18-25 years. 

The rate of withdrawing blood and the heat and humidity 
of the surroundings did not influence the incidence of fainting, 
nor was it affected by moderate aniemia or low blood volume. 
On the other hand, there was a definite connection between 
the amount of blood withdrawn and subsequent syncope, and 
fainting was much more common in donors who had given 
more than 440 cm.® of blood. All the donors who fainted 
had a low blood pressure after bleeding and in some the blood 
pressure fell much more rapidly after 440 cm.® had been 
removed. In the normal donor, the systolic pressure hardly 
fell at all and had started to rise 1 5 minutes after the operation, 
but nearly all those who suffered from delayed syncope still 
had a falling systolic pressure after 15 minutes. The donors 
who were subject to delayed fainting attacks also showed an 
alteration in blood pressure when they sat up after the opera- 
tion, the systolic pressure falling while the diastolic rose 
slightly at first and then followed the systolic pressure. Tius 
phenomenon differs from true orthostatic hypotension in 
which there is a simultaneous fall in both systolic and dia- 
stolic pressures. In general the delayed fainting attacks 
resembled vaso-vagal attacks which have been described by 
Sir Thomas Lewis (1932). 

The measures advocated by the authors for the prevention 
of syncope in blood donors are as follows; 

i. Avoidance of bleeding when the donor is fatigued. 

jj_ Pj-Qvision of food and fluid before as well as after taking 
the blood if the donor’s last meal has been taken more than 
4 hours previously, 

iii. Not taking more than 440 cm.® of blood (not rnore than 
350 to 400 cm.® if the donor weighs less than 7 stone [44 kg.j). 



iv. Administration of 1 litre of normal saline, before 
bleeding, to donors who are likely to be dehydrated, e.g., 
those coming from hot workshops. This was found to effect 
a marked reduction in the number of these workers who 
fainted. 

V. Taking a series of blood pressure readings on all donors 
who have fainted on a previous occasion. If the systolic 
pressure falls after bleeding and continues to fall after sitting 
up, the donor should be given further rest even if he feels 
well. 
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VENOUS PRESSURE DURING \T:NESECriON AND 
BLOOD TRANSFUSION 

by J. F. Loutit, M. D. Mollison, & E. D. vhn der Walt, 
British Medical Journal, 2, 658-661, 5112141 
In man few observations have been made on the changes in 
venous pressure during the withdrawal and administration 
of blood, although Altschule & Gilligan (1938) observed that 
transfusion of saline at rates above 20 cm.^ a minute caused 
a rise in venous pressure proportional to the amount of fluid 
given. Immediately after the end of such transfusions the 
venous pressure fell rapidly, reaching the original level within 
20 minutes. Murphy (1941), also using saline, noted a rise 
in venous pressure during the first half hour of transfusion 
followed by a fall which he attributed to vasodilatation. 

In the present investigation, from a London Blood Supply 
Depot, venous pressure changes (recorded by inserting a 
16 S.W.G. intravenous needle into an antecubital vein and 
coimecting the needle with a manometer) were observed in 
healthy individuals during venesection, in unselected hospital 
patients during transfusion, and in a group of patients with 
pulmonary disease, before, during, and after transfusion. 

Venesection was performed on 20 healthy blood donors, 
430 cm.® of blood being removed from each over an average 
period of 4 minutes. In every case there was a fall in venous 
p^sure during bleeding ranging from 13 to 80 mm. of water 
with an average of 43 mm. This fall usually commenced 
rfter 100 to 200 cm.® of blood had been withdrawn, con- 
tinuing imtil the end of the venesection. After completion 
of bleeding the venous pressure rose again slowly, but in no 
case did it reach the pre-bleeding level by the end of 30 minutes. 
The changes in blood-pressure and pulse-rate were variable. 

The venous pressure was esUmated during the transfusion 
(administered by gravity with the Medical Research Council 
apparati^) of 30 unselected hospital patients who wefe 
given 500-1000 cm.® of citrated blood at rates varying from 
7-45 cm.® a minute (average 18-5 cm.® per minute). In 19 
out of 30 cases the venous pressure rose by more than 20 mm. 
of water during the transfusion, but only in 6 cases did the rise 
exceed 50 mm. of water. There was apparently no constant 
relationship between the rate of transfusion and the rise of 
venous pressure, although proportionately more cases showed 
a rise at the faster rates. In the cases in which the venous 
pressure rose, the increase occurred progressively during 
the transfusion and svas approximately proportional to the 
amount of blood transfused. Contrary to the findings of 
Altschule & Gilligan, however, it was observed (in 10 cases) 
for 10 to 30 minutes ’after transfusion that, while the venous 
pressure fell gradually, it did not return to the pre-transfusion 
level during the period of observation. No constant changes 
m blood-pressure or in pulse-rate were observed in 26 cases 
before and after transfusion. Only 3 of the 30 cases showed 
obvious signs of peripheral vasodilatation during traijsfusion. 

In 13 patients suffering from various chronic chest diseases, 
who were transfused with 800 to 1000 cm.® of blood at an 
average rate of 23 cm.® a minute, both the venous pressure 
and the rital capacity were measured at the beginning and 
end of tr^fusion. SLx of the 13 cases showed a rise in 
N’enous pressure during transfusion and all but one a reduction 
m wtal rapacity at the end of transfusion (average reduction 
230^ cm.®). The respiratory rate was increased in 3 of the 
patients by more than 4 respirations per minute but only 

patieuis complained of symptoms. 

The authors discuss the mechanism of production of the 


rise in veno.us pressure and the reduction in vital capacity 
which occurred during these transfusions, and they conclude 
that they are not due to cardiac embarrassment but merely 
indicate that the larger veins and the lung capillaries are 
accommodating the extra fluid. 
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FAINTING IN BLOOD DONORS 
[Unsigned] British Medical Journal, 1, 279-283, 26/2/44 
This is the text of a report to the Medical Research Council 
prepared by a Subcommittee of the Blood Transfusion 
Research Committee. The large-scale bleeding of donors 
that has been undertaken since the outbreak of war gave rise 
to an interest in the nature and causation of fainting during 
or after the donation of blood. Such incidents are a source 
of delay and inconvenience, and an investigation was insti- 
tuted with the objects (i) of identifying factors associated 
with fainting in blood donors and (ii) of determining the 
frequency of delayed faints. A record card was designed 
and provided to bleeding centres in England and Scotland. 
Blood transfusion officers were asked to complete a card for 

(a) eVery donor who fainted during a bleeding procedure, 

(b) the next dOnor bled by the same officer (these constituted 
an unselected group who did not faint). 

The data received were submitted to a statistical analysis, 
and are summarized in 1 1 tables in this report. Figures were 
obtained for a total of 697 donors of whom 362 fainted and 
335 did not. The incidence of fainting appeared to be lower 
in men than in single women, and slightly lower in single 
than in married women. There was no evidence that age, 
length of waiting period at the centre before bleeding, or 
operational difficulties affected the incidence of fainting. 
Menstruation was present at the relevant time in' an equal 
number of fainters and non-fainters. Fainting was less 
common in the fortnight preceding menstruation than in the 
week after its cessation. 

There was little difference between various occupational 
groups, and lack o'f food could have been a relevant factor 
only in a small proportion of the total number of faints. A 
high proportion of fainters gave a history of fainting either 
at a previous donation or on some other occasion. Among 
those who fainted, 13% lost consciousness, nearly 8% 
vomited, and 79 % had only mild symptoms. 

Returns from 4,212 donors who were asked to describe 
their feelings after bleeding showed that only 14 % experienced 
some discomfort. Only 1 • 2 % of men and 1 • 8 % of women 
recorded delayed faints. 

The conclusions reached are that : (i) there was no re- 
mediable factor except the exclusion of those with a known 
tendency to faint, (ii) the incidence of delayed faints was very 
small. 
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BLOOD VOLUME IN CHRONTC AN/EhDA BY A CON- 
CENTRATED CORPUSCLE-HEMOGLOBIN METHOD 
by J. McMichael, E. P. Sharpey-Schafer, P. L. Mollison & 
J. M. Vaughan, Lancet, 1, 637-640, 22/5/43 
This paper is by members of the Committee on Wound Shock 
and Blood Transfusion of the Medical Research Council and 
is based on work done at the British Postgraduate Medical 
School and at two of the four Blood Supply Depots which 
serve the London area. 

It has long been known that in chronic ansmia the blood 
volume is below normal. In acute ansmia due to hemor- 
rhage the return of the blood volume to normal may also be 
prolonged. Methods of measuring the blood volime ha%’c 
not been widely used and are all open to certain criticisms on 
theoretical grounds. This comparison of thrra methods 
which can safely be used on seriously ill patients is therefore 

welcome. „ , . 

The “ concentrated corpuscle-hsmoglobin metnee 
(CC-Hb) described by HiU in 1941 and the “ concentrated 
corpuscle-differential agglutination ” niethod ot 

Ashby (1925) both invohe the administration of a b.ooa 
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transfusion as part of the technique and are therefore particu- 
larly suitable for use with anasmic patients. 

The former (CC-Hb) involves the transfusion of a known 
volume of blood, from which most of the plasma has been 
removed and which is therefore especially rich in erythrocytes. 
The hremoglobin content of this blood, and also of the patient 
before and after the transfusion, is measured. A simple 
formula gives the patient’s original blood volume, on the 
assumption that no gross displacements of plasma, either into 
or out of the circulation, occur during the transfusion. 

The formula is 

V(Hbv - Hbj) 

^ “ Hbs - Hbi 

where ;c = patient’s original blood volume 
V = volume of blood transfused 
Hby = hsemoglobin percentage of injected blood 
Hbi = patient’s Hb percentage before transfusion 
Hbj = „ „ after „ 

Ashby’s original CC-DA method has been modified by 
Mollison and others, and is said to be capable of giving 
results of the same order of accuracy as an ordinary erythro- 
cyte count. It is only suitable for patients of blood groups 
A, B or AB. A known volume of blood from a group O 
donor is transfused. After the transfusion a sample of the 
patient’s blood is taken and treated with an appropriate 
blood-grouping serum. This agglutinates the patient’s- cells 
but does not affect the group O cells of the donor. The 
agglutinated masses are removed by coarse filtration and the 
remaining cells are counted in the ordinary way. The blood 
volume at the end of the transfusion is given by the formula : 

Final blood volume (cm.®) 

/Volume of blood\ / erythrocyte count \ 
\ transfused ) \of transfused blood/ 

Count of donor cells in patient’s blood 

Certain precautions needed in using this method are given 
in the papers already quoted. 

The Evans-blue dye method of Gibson & Evans (1937) as 
odified by Harington, Pochin & Squire (1940) consists in 
ving an intravenous injection of 5 cm.® of a 0*24 % solution 
' Evans-blue dye and then taking three samples of venous 
ood at half-hourly intervals. The concentration of dye in 
le serum is estimated colorimetrically and the plasma 
)lume calculated by extrapolation backwards of the three 
jints on the disappearance curve of the dye. 

The results obtained by these methods are of great interest, 
wenty-two cases were examined by the CC-Hb method, 
2 of whom were suffering from various forms of chronic 
iffimia and 10 from acute anaemia due to h$morrhage. In 
1 cases low blood volumes were foimd. 

Five of these chronic cases and one of the acute cases were 
so examined by the CC-DA method and a very close 
jirelation between the two estimates was obtained. In no 
case did the difference between the two methods exceed half 
a litre. In four cases the dye method was compared with the 
CC-Hb method and again good correlation was found. 

A comparison of the low blood volumes recorded in the 
present series of cases of chronic anaemia and those published 
by Gibson indicate that the lowering is proportional to the 
severity of the anaemia. 

Another interesting observation made in this series of 
patients was that the diastolic blood pressures were rather 
low but the systolic pressures were normal. This compensa- 
tory mechanism niight be due to a marked reduction of the 
peripheral capacity of the circulatory bed. If this is the 
body’s response to a low blood volume it might be desirable 
to produce the same effect by drugs in cases of" surgical shock. 
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THE DETERMINATION OF THE BLOOD VOLUME TN 
MAN WITH EVANS-BLUE (“ T-1824 ”) 

by L. J. Davis, Edinburgh Medical Journal. 49 
August 1942 ’ ‘*03-483, 


In the first part of this paper from the Department of Medicine 
Edinburgh University, the various methods for the determina- 
tion of the blood volume in man and the special advantages 
of the dye method are briefly considered. The author then 
discusses the various factors influencing the results obtained 
with the dye method, including choice of dye, mixing time 
and disappearance-rate of the dye, methods of estimation 
hmmatocrit, and gives an excellent review of the relevant 
literature. He concludes that a spurious degree of accuracy 
is often attributed to existing methods of blood-volume de- 
termination, and that the evaluation of a blood-volume 
technique should be based upon its freedom from avoidable 
sources of error, its simplicity in operation, and the constancy 
with which comparatively accurate values can be obtained, 
rather than upon claims to a high degree of absolute accuracy 
involving tedious and time-consuming manipulations which 
may themselves introduce further errors. 

In the second part of the paper the author describes the 
details of a simplified blood-volume technique, the results of 
which are presented. The technical procedure is essentially 
as follows : A sample of control blood is withdrawn from the 
patient and 5 cm.® of a 240 mg. per 100 cm.® solution of the 
blue azo dye “ T-1824 ” are then injected through the same 
needle. Exactly 10 minutes later a test sample of blood is 
withdrawn from the opposite arm. Of this blood, some is 
mixed with anti-coagulant mixture for hcematocrit determina- 
tion and the remainder is allowed to clot. The concentra- 
tion of the dye in the test-seram is subsequently estimated by 
means of the “ spekker ” photo-electric absorptiometer, 
serum from the control blood being used as a “blank.” 
Details are given of a simple and reliable method of preparing 
a control dye-serum solution of known concentration for 
the purpose of checking the readings. 

The results obtained with 11 normal male subjects are 
tabulated, the average total blood volume being 5,071 cm.®, 
the volume per kilogram of body weight being 76*7 cm.®, and 
per metre® of body surface 2,897 cm.® These results and 
their standard deviations are compared with those of 4 pre- 
vious authors. In 5 of the patients the determinations were 
repeated and the differences between the pairs of readings 
were seen to be small (in no case more than 2-7 %). 

The results of blood-volume determination in 10 patients 
suffering from pathological conditions are also given. These 
included 3 cases of severe anffimia and 5 cases of poly- 
cythaemia vera. In some of these cases the blood-volume 
determinations were repeated after appropriate treatment 
had been instituted. The findings accorded with those of 
previous investigators. 
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THE DETERMBMATION OF PLASMA VOLUME BY 
THE EVANS-BLUE METHOD : The Analysis of Hsemo- 
lysed Plasma 

by C. J. O. R.- Morris, Journal of Physiology, 102, 441-445, 
April 1944 

The procedure developed in the London Hospital for the 
determination of plasma volume by the Evans-blue method 
has previously been described (Crooke & Morris, 1942). 
Even very slight haemolysis in the samples of plasma may cause 
an error of about 5 % in the result since, during the extraction 
process, haemoglobin is converted into a pigment (probably 
acid heematin) whose light absorption is in the same spectral 
region as that of Evans-blue. In conditions in which in- 
formation about the plasma volume may be required it is not 
always possible to obtain specimens of plasma entirely f^ 
from haemolysis, and a method was therefore sought in which 
this source of error could be eliminated. By an ingenious 
procedure, for details of which the original paper should be 
consulted, an optical method of correction for this error has 
been devised. The practical application of this method to 
plasma-volume determinations fs described. 
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OPERATO'E DENTAL SURGERY 
by J. B. Parfitt & ^Y. E. Herbert. Fifth edition. London, Edward 
Arnold & Co., 1944. 408 pages ; 203 illustrations. £1 10s. [£1.5] 

This book first appeared in 1921, being the substance of a course 
of lectures delivered at Guy's Hospital Dental School. Since that 
time successive editions have reflected the advances made in opera- 
tive dentistry. Perhaps the most important recent development in 
jirosthetic dentistry is the introduction of acrylic resins, both for 
dentures and restorative work, and the authors include a chapter 
dealing with its use in crowns, bridges and other restorations. 
The remainder of the book has been carefully revised and brought 
up to date ; new illustrations and additional references have been 
included. 

Chapter headings : (i) operative dentistry ; (ii) infection and 
cleanliness ; (iii) control of saliva ; (iv) conservative treatment of 
parodontal disease ; (v) ionic medication ; (vi) the onset and 
growth, of dental caries;- (vii) treatment of dental caries; (viii) 
the teeth of children ; (ix) conditions of permanence of tooth 
fillings, and general principles of cavity preparation ; (x) pain- 
saving in the filling of teeth ; (xi) the filling materials ; (xii) filling 
teeth with gutta-percha r (xiii) dental cements and their uses ; (xiv) 
the translucent cements ; (xv) amalgam ; (xvi) cohesive gold ; 
(xvii) non-cohesive gold ; (xviii) gold inlays ; (xix) bridges ; (xx) 
fused porcelain restorations ; (xxi) pulpless teeth and their treat- 
ment ; (xxii) the operation of crowning ; (xxiii) acrylic resin 
restorations ; (xxiv) the operation of extraction. 


4S2/67 


BROMPTON HOSPITAL REPORTS 


Volume 12 

London. Published by the Research Department of the Hospital, 
1943. 163 pages. 8s. [fO.4] 


This volume contains a collection of papers recently published 
from the Hospital. Dr. Margaret Maepherson ‘ contributes an 
a^cle on childhood infection and its relation to adolescent and 
adult puirnonary tuberculosis, in which she sums up the extensive 
'NDiK corned out by the research department of the Brampton 
Hospital during the past 14 years. A. Tudor Edvvards - gives an 
authontative survey of Ae modem treatment' of traumatic hremo- 
There are two illustrated articles by C. Price Thomas and 
W. p. Qeland ’ on the operation of thoracoplasty for pulmonary 
tuwrcmosis, which give a full account of the technique and results. 

R. C. Brcrck * describes the production of aseptic obliterative 
pleurisy by injecting silver nitrate into the pleural cavity. The 
Mme author, in another paper, discusses the treatment of tubercu- 
lous empyema and supplements his discussion with a most instruc- 
tive Malysis of the results of various therapeutic measures, 
w- papers in this volume include one by R. C. 

Win^eld on the control of tuberculous infection, and an original 
contn^tion by A. F. Foster-Carter’ on the anatomy of the 


‘ [see BMB 2SZ\ 
‘ [see BMB 44] 


’ Uee BMB 45] ’ [see BMB 266 & 267] 
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INDUSTRIAL MEDICINE 

edited by Sir Humphry RoUeston & Alan A. MoncriefT. Londor 
Ej-re & Spottiswoode (Publishers) Ltd., 1944. 202 pages. 16: 
[£ 0 « 8 } 

rontributions comprising this symposium o: 
mniniiBr I been specially written for it ; the re 

P“^'ished in the Practitioner, December 1941 
‘^fore republication. 

has brought about a huge increase in the number o 
increaw hidustry, and this has led inevitably to ai 

trial railed 'hcidence of disease directly attributable to Indus 
wae marf?’- of the Minister of Labour, provisiol 

officers for the employment of whole-time medica 

i? f^htories large enough to warrant them 
This clnciT ^ employed in smaller establishments 

certain practitioner with the factory i 

national hud such contact with “ occu 

inevitahlJ'v2^'?\ general practitioner wil 

TlS employer and Che employee, 

general " j ?efve as an excellent introduction for th 

moner inH^« desiring to acquaint himself with the com 
and adminS^/^?- “^^eMes and with problems of general hygieni 
(i) introdM-t?^i^*!°”' j contains the following contributions 
(Sir DawM xf''’ hidustrial medicine and the general practitione 
ndustriai H?^^^’ 0>) industrial poisons (H M. Vernon) ; (iu 
(M chKt L diagnosis and treatment (A. D. K. Petere) 

case m industry (A. J. Amor) ; (v) miners’ nystagmu 


(W, J. W. Ferguson) ; (vi) toxic ansemia (Ethel Browning) ; (vii) 
the treatment of the injured workman (W. Gissane) ; (viii) back- 
strain (F. W. Holdsworth) ; (ix) neuroses in industry (E. H. 
Capel) ; (x) malingering (D. C. Norris) ; (xi) nutritional problems 
related to industrial workers (H A. Krebs) ; (xii) adolescents in 
industry (Sir Henry Bashford) ; 'xiii) fatigue and boredom (May 
Smith) ; (xiv) lighting problems (h W. Murray) ; (xv) ventilation 
and heating (T. Bedford) ; (xvi) weifarc services (R. R. Hyde) ; 
(xvii) the works ambulance room (P. Prngle) ; (xviii) factory law 
in relation to health and welfare (A. I. G. McLaughlin). 
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VARICOSE VEINS, H/EMORRHOIDS, AND OTHER 
CONDITIONS 
Their Treatment by Injection 

by R. Rowden Foote. London, H. K. Lewis & Co. Ltd., 1944. 
119 pages; 54 illustrations. 12s. 6d. [fO.625] 

At the time of its introduction, the injection treatment of varicose 
veins was welcomed as a useful new method of alleviating this 
condition, but sufficient data have now been published to show 
that a high recurrence rate must be expected. This finding has 
led many to abandon injection therapy in favour of conservative 
treatment or high ligation. The author of this monograph, who 
is physician in charge of the Injection Clinic, Royal Waterloo 
Hospital, considers that loo many cases are at present treated 
operatively, and that many require treatment by injection only. 
He discusses both aspects of this question and gives a full account 
of the atiology of varicose veins and of their treatment by injection 
and operation. In addition, the injection treatment of hEmorr- 
hoids, hydrocele, hernia and other conditions is described. This 
book, which is well illustrated, provides a good picture of injection 
therapy at the present time. 
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’ RECENT ADVANCES IN AN/ESTHESIA AND 
ANALGESIA 

(Including Oxygen Therapy) 

by C. Langton Hewer. 5th edition. London, J. & A. Churchill, 
1944. 343 pages ; 141 illustrations. 18s. [fO.9] 

A new volume or new edition in the Recent Advances series, to 
which this book is an outstanding contribution, is almost always an 
event of some importance. Although the fourth edition appeared 
in 1943, sufficient new work has been reported to make possible 
this new edition. Besides an account of modem anaesthesia and 
analgesia, it gives new information on anssthesia for thymectomy, 
general analgesia with ethyl chloride and trichlorethylene, intra- 
venous general analgesia with procaine, improved apparatus for 
controlled respiration, pethidine analgesia in obstetrics, pressure 
infiltrators, fractional caudal block, suction from oxygen cylinders, 
etc. There is an additional chapter on anaesthetic charts and 
records. Each chapter includes a useful list of references for 
further reading ; there is room for improvement in the method of 
presentation of these references. 

Chapter headings : (i) theoretical aspects of mhalational anss- 
thesia ; (ii) premedication ; (iii) nitrous oxide and the hydrocarbon 
gases ; (iv) carbon dioxide and helium ; (v) modem apparatus for 
the administration of the “ gas ” anssthetics ; (vi) recent work on 
the ethers ; (vii) the halogen<ontaining anasthetics ; (viii) recent 
developments in endotracheal anaesthesia ; (ix) the explosion nsk 
in anasthesia; (x) intravenous anasthesia and analgesia ; (xi) 
general aspects of local analgesia ; (xii) dmgs used in local anal- 
gesia ; (xiii) recent advances in the technique of local -analgesia ; 
(xiv)-the present position of spinal analgesia ; (xv) collapse and 
resuscitation ; (xvi) anaesthesia and analgesia for neuro^surgery ; 
(xv-ii) anaesthesia and analgesia for dental surgery ; (x\iu) an^- 
thesia and analgesia for endoscopy, for nasal and oral surgery, lor 
war wounds involving the mouth, and for operations upon the 
pharynx and larynx; use of suction; (xix) anssth^ia and 
analgesia for thyroid and thymic surgeo': (/«) anESthesia and 
analgesia for thoracic surgery ; (xxi) anssthesia md an^gesia lor 
abdominal surgery ; (x.xii) anESthesia and analg^ia m obstetna 
resuscitation of the new-born ; (xxui) ansstheuc sequete . («u\ ) 
psychological aspects of anEsthesia and aMlgesia ; (.xx\j oxygen 
theraov : (.xxvO anESthetic charts and records. 


52g7I 

ECONOMY LN THE USE OF DRUGS IN 33 AR-TI.ME 

ledical Research CounciT War Memorandum No. 3. 
i^nd edition. With an Ap^ndix on ^"omy m ‘he Ere of 
actericides. London, H.M. StaUonery Office, 1944. 16 P3„«. 
i. [£0.0125] . 

The first edition of ‘his 

^pressed the considered opinions of the Therapcutiu Require.mmis 
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Committee, which was appointed in September 1939 by the Medical 
Research Council in consultation with the Ministry of Health. 
The object of the publication was to give to those concerned with 
the supply of drugs an indication of the relative therapeutic im- 
portance of the drugs in ordinary use, and to members of the medical 
profession some information regarding the availability in war- 
time of the materials which they were accustomed to prescribe. 

In preparing the first edition, the scope was extended, after 
consultation with the Ministry of Agriculture and Fisheries, to 
include veterinary applications of drugs. 

In November 1941 the First Supplement to this Memorandum 
was issued, in order to bring the recommendations up to date. In 
April 1942 a Memorandum on Economy in the Use of Bacteri- 
cides, prepared by the Therapeutic Requirements Committee, was 
issued by the Medical Research Council to the medical and pharma- 
ceutical press. 

Since the publication of the first edition of the present Memor- 
andum, effect has been given to its recommendations, by means 
of Addenda to the British Pharmacopoeia 1932, Supplements to 
the British Pharmaceutical Codex, and the National War Formu- 
lary. A new edition is now considered advisable, in consequence 
of changes in the supply position of many drugs, the introduction 
of new remedies, and increased knowledge of drugs as the result 
of war-time experience. 

482/72 

REGIONAL ANALGESIA 

by H. W. L. Molesworth. London, H. K. Lewis & Co. Ltd., 
1944. 90 pages ; 42 illustrations. 8s. 6d. [£0.425] 

The author of this book has had much experience in the use of 
regional analgesia, and he discusses fully the advantages and dis- 
advantages, the indications and contra-indications for this form 
of anEesthesia. While not to be regarded as a textbook on the 
subject, this little volume contains much practical information and 
many useful illustrations. 

Chapter headings : (i) general principles ; (ii) methods of regional 
analgesia; (iii) the upper extremity; (iv) the lower extremity: 
(v) the head and neck ; (vi) the thorax ; (vii) the abdomen ; (viii) 
spinal analgesia. 
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REPORT OF INTER-DEPARTMENTAL COMMITTEE ON 
MEDICAL SCHOOLS 

published by the Ministry of Health and the Department of Health for 
Scotland. London, H.M. Stationery Oflace, 1944. 312 pages. 
4s. 6d. [£0.225] 

To meet the requirements of the proposed National Health 
Service, fundamental changes will be necessary in the methods of 
•ecruitment and training of future doctors. This was foreseen by 
he appointment of the Inter-departmental Committee on Medical 
Schools, under the chairmanship of Sir William Goodenough. 
The Ministry of Health and the Department of Health for Scotland 
lave now published the findings of this committee (the “ Good- 
fnough Report 

The principal recommendations of the committee are: (i) 
Irastic overhaul of undergraduate training : more attention to be 
paid to social medicine, the promotion of health, and the prevention 
—as well as cure — of disease, to children’s health and to mental 
(lealth ; (ii) co-education in all medical schools, and sex equality 
in hospital appointments ; (iii) greatly increased Exchequer grants 
'or medical education and research, and more financial help for 
students ; (iv) reform of examination system ; (v) compulsory 
hospital appointments after qualification and bpfore entry into 
independent practice ; (vi) changes in the policies and organization 
of medical schools and teaching hospitals ; more whole-time 
teaqhers, and salaries for part-time teachers ; (vii) a comprehensive 
system for the training of specialists ; (viii) development in London 
of a world centre for post-graduate medical education and research ; 
(ix) linking of all major hospitals with teaching centres. 

The*proposed changes will take some lime to become fully 
effective. An increased number of teachers and additional ac- 
commodation and equipment will.be necessary. The training of 
students can be conducted only under the aegis of a university and 
in institutions that conform to university standards. For this 
reason thj committee suggests the abolition of 4 medical schools 
which it feels cannot adequately meet the needs of modem medical 
education. The unit of organization for undergraduate medical 
education should be a medical teaching centre consisting of a 
university medical school with a group of teaching hospitals in as 
close proximity as possible to it, and such clinics of the health 
service of the district as should be used for teaching purposes. 
While the governing body of each constituent of a teaching centre 
should retain full authority in its own field of responsibility, the 
policy, administration and activities of each institution should lx 
so interrelated with the other constituents as to provide a single 

unit in the field of medical education and research. 

More whole-time appointments to the teachmg staff and the 
payment of salaries to clinical teachers are among changes pro- 

^°^present there is great inequality in the distribution of medical 
schools, with a maximum concentration in central London. It 
is suggested that Charing Cross, St. George s, Middlesex, and the 
Royal Free hospitals (and their respective medical schools) should 
all consider moving to sites further from the ^ntre of LondOT. 
As far as the establishment of new medical schools is concemw, 
the committee concludes that “ the financial resources and the 
suitably qualified teachers likely to be available vdll be wholly 
needed for a long time for the development of existmg schools to 
their full capacity.” 


Before the establishment of a new school “ there must fi«i i, 
proof of a national need for another school. . . . Kfm chl.u 
be to secure letter facilities for the existing schools arid 

• of post-graduate training and experience required hv 

intending specialists and the means whereby it can bTob^inS 
have been exaniined by the committee as questions of great im 
portance both in the operation of the health service and in the 
sphere of mediral education. On the assumption that ihe qualifira- 
tions and standards of specialists are determined by some central 
machinery and that the primary requisite will be approved nost 
graduate training and experience extending over not less than 
4-5 years after registration, the committee makes various sugEes- 
tions, including the following: -(i) that, while holding hospital 
apppintmcnts, the intending specialist should be regarded as a 
trainee and be given adequate time for reading, reflection and 
research ; he must not bc over-burdened with routine work and 
he must be adequately remunerated ; (ii) usually, before he begins 
to specialize, he should have at least six months’ resident clinical 
experience of general medicine or surgery ; (iii) every trainee should 
have the opportunity todevote himself for aperiodto theextension 
of his scientific knowledge by laboratory work and study, and 
provision should bc made, by such means as travelling fellowships 
for trainees, to obtain the benefit of working for a time in suitable 
hospitals and medical schools abroad. Post-graduate study should 
be a regular and recognized feature of general practice. 

A scheme is outlined for the development of the exceptional 
resources of London for the post-graduate education of medical 
practitioners from all parts of the world. • This scheme involves 
the reconstitution of the British Postgraduate Medical School on a 
federal basis embracing a comprehensive range of post-graduate 
institutes in all branches of medicine. 

Young research workers should mainly recruit themselves; and 
when a research worker has proved his ability and has chosen 
research as a career, he should be given reasonable security in this 
career. Public grants to medical schools and teaching hospitals 
must include basic research grants ; extra grants will also be ‘needed 
for the support of special investigations. 

One of the most important recommendations is that each 
student, after passing his qualifying examination, shall complete 
a 12 months’ period of hospital appointments before being ad- 
mitted to the Medical Register and allowed to enter independent 
practice. 

In the past, insufficient attention has been paid to social medicine. 
“ A new orientation of medical education, a big expansion of the 
social work of teaching hospitals and radical changes in the 
outlook and methods of most of the teachers ” are necessary if 
students are to be fitted to become health advisers and members 
of a national health service.' Improvements are also necessary in 
the teaching of child-welfare work, and “in many schools the 
experience which students gain of maternity work falls far short 
of what is necessary.” Training in psychiatry, also, has failed to 
keep pace with the growing realization of the important place 
which the subject should occupy ; an adequate department of 
psychiatry is essential in each medical centre. 

“ Unsuitability for a medical career should be the sole barrier 
to admission to a medical school.” Co-education has -proved 
successful in all medical schools outside London and it should 
become the practice in every medical school. It is recommended 
that the payment to any school of a government grant should be 
conditional upon the school admitting a reasonable proportion of 
women students ; all hospital appointments of qualified practi- 
tioners should be filled by open competition and sex should not 
bc a bar to appointment. Grants to medical students should 
compare more favourably than at present with grants to students 
in other faculties. Such grants should be adequate iri amount 
and should extend over the whole of the period of training. A^ 
rangements for scholarships and grants need simplification, and 
medical schools should have larger funds at their disposal to help 
students and to encourage recruits. , . 

It is estimated that the supply of doctors necessary in civilian 
practice in Britain is within the capacity of existing schools pro- 
vided that those schools which are below an economic size are 
expanded ; it is considered that a school of normal size is one able 
to admit 100 students a year. 

The committee estimates that, including the outlay of teaching 
hospitals on facilities for teaching and research, the total of capital 
expenditure that should be incurred may, within ten years; amount 
to £10,000,000 at pre-war costs. In addition, the amount ^re- 
current grants will have to be increased yearly frorn £700,000 a 
year, the approximate amount before the war, until within ten 
years the amount reaches between £3,000,000 and £4,000,000 a 
year at pre-war values. At this level recurrent grants would repre- 
sent about 2 % of the estimated cost in the first year of the National 
Health Service. 

The report, which is unanimous, is signed by Sir Wimam Good- 
enough, Sir John Stopford, Professor T. R. Elliott, Dr. A. M. H. 
Gray, Professor J. Hendry, Professor A. V. Hill, Sir Wilson Jam^on, 
Professor J. R. Learmonth, Sir Ernest Pooley and Dr. Janet 
"Vaughan. 
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COMMON SION DISEASES 

by A. C. Roxburgh. Seventh edition. London, H. K. Lewis & Co., 
Ltd., 1944. 454 pages ; 192 illustrations. 18s. [£0.9] 

Seven editions of this book have appeared in 12 years, and this 
latest edition maintains the high sUndard, both of 
trations set by its predecessors. The book gives a short account 
oT tKmmon dermatoses and their treatment, pe most im- 
portant changes made in the new edition are in the Section on 
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, . ■ 1 which has been expanded on account of its 

and in the chapter on the avitaminoses, \vluch 
hn'^n^rewitten. The section on scabies takes aceount of the 
,w^nt work done on this condition since the war. Two 
Xrda dMl with (i) immersion foot, a condition winch has 
CZ^mJ^inc^sindv prcN-alent, during the last few years and one 
mwh has t^n written ; and (ii) the results of the use of 
-I'l^ hi dcrmatoloo’ The author has already recorded his 
Sencii 'vith jinicUlin and considers, that it will prove of 
«S^lue in *e treatment of certain staphylococcal and 
Sweeal infections of the skin and in the control of sycosis 
’chaoS^eadings; (i) general stiology and pathology; (ii) 
siens symptoms and general diagnosis ; (iii) general treatment ; 
cKSTaffetioL of the skin; (v) skin.afTections du^o 
y«icar causes; (vi) dermatitis due to chemioil causes, (\n) 
drag Eruptions; (viii) diseases due to animal parasites ; (ut) 
diseases due to vegetable parasites ; (x) diseases due to filterable 
V ra^- (xi) syphilis ; (xii) diseases due to obstruction of vessels ; 
xiii) neiSidematosk; (xivO toxic eruptions;, (xvj eczema 
Besnier’s prurigo, cheiropompholyx ; (xvi) psoriasis and pitjnasis 
rubra “(xvii) When pliius; (xviii) diseases of hair and nails; 
(xixl diseases of sebaceous and sweat glands ; (xx) tumours ; (xxi) 
Wophy and sclerosis ; (xxii) vesicular and bullous eruptions ; 
(xxiii) the erythrodermias ; (xxiv) avitaminoses. 


4S2PS 

REPORT ON THE INCIDENCE OF RICKETTS IN WAR-TLME 

by the British Piediatric Association. Ministry of Health : 
on Pubh'c Health and Medical Subjects, No. 92. London, H.M. 
Stationery Office, 1944. 36 pages. 9d. [£0.0375] 

At the invitation and with the co-operation of the Minist^ of 
Health, the British Paidiatric Association undertook a combined 
cliiucal and radiological examination of 5,283 children between 
the ages of 3 months and 18 months in 23 centres in Britain, 
to ascertain whether or not there was any war-time change in the 
incidence of rickets. Positive radiologiiral evidence of rickets was 
reported in 106; from these figure it is shown that the rate of 
incidence of rickets diagnosed radiologically was 24 % wfore 6 
months of age, 4 % during the first year of life, and negligible over 
this age. . . 

The clinical diagnosis of the condition varied in different arMS 
from nil to 61 % ; only a small proportion of clinically positive 
cases was confirmed radiologically. Most obsen’ers agree that 
severe riekets svith deforming bone changes has almost disappeared 
from Britain, and with this disappearance the clinical conception 
of rickets must undergo some modification. A disturbance ol 
calcification demonstrable radiologically but not clinically may 
need a new terminology. Among radiologiirally negative children 
% were breast fed, whilst among radiologically positive children 
69 % were breast fed. These findings confirm the fac^that br^t 
feeding alone, although important in the prevention of morbidity 
and mortality, cannot be relied upon to prevent the occurrence of 
rickets. Nevertheless, rickets is mote likely to appear in arti- 
ficially-fed than in breast-fed babies. , 

It is shown that, of children free from rickets on radiologicm 
examination, 854 % had received cod-liver oil or other vitamin D 
preparation, whereas the figure for the radiologically positive 
children tvas only 73 %. 

The report concludes that comparison with previous surveys 
affords no evidence of any war-time increase in radiologit^ 
rickets. Nevertheless, certain cases in the groups e.xamined did 
show an incidence wWch still gmes scope for better prophylactic 
measures, of which the Govermnent’s national “ cod-liver oil 
compoimd is an important one. The report calls attention to the 
difficulties associated with the early diagnosis of rickets and the 
present-day position of the nutritional problem of adequate calci- 
fication of bone in the active growing child. 

4S2/76 

department of HEALTH FOR SCOTLAND 

Summary Report for the Year ended 30th June, 1944 
Edinburgh, HM. Stationery Office, 1944. 23 pages. 4d. [£0.016] 

This report shows that, in spite of war-time conditions, the 
general stand^d of health in Scotland is being maintained. .M- 
though there is a slight rise in the infant mort^ty rate, the still- 
birth and maternal mortality rates are the lowest yet r^rded. 
Notifications of new case of pulmonary tuberculosis continued to 
increase, and are now more than 50 % above the figure for 1938 ; 
this may 1» due in some measure to mass miniature radiography 
and other improved diagnostic facilities. 

Among infectious diseases there was a small decrease in venereal 
disease, although the number of new cases continues to cause con- 
'^tn. Tiere is a striking decrease in the figures for diphtheria, 
RP °oubt due to immunization of the child population. Recently 
t ^ been a tendency for the proportion of immunized children 
to lall, and it is proposed to launch another campaign to encourage 

immunization. 

Tie health of school children is being maintained and, in some 
imtance^ improved. The Miners’ Centre established in 1943 for 
ne rehabilitation of disabled miners has already demonstrated its 
u Progress is reported in the development of plans for post- 
„nJ ^ftvices and for an attack on the serious problems of 

unatisfactory housing. 

dulhorities realize that the successful operation of modem 
improving the health of the nation depend on the 
individual citizens ; for this reason the Scottish 
be nr'^ , Health Education, constituted in 1943, must in time 

great value in promoting and encouraging health education. 
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A STUDY OF VARIATIONS IN OUTPUT 


by S. Wyatt (assisted by R. Marriott, W. M. Dawson, D. E. R. Hughes 
& F. G. L. Stock). Emergency Report No. 5 of the Industrial Health 
Research Board, Medical Research Council. London, H.M. Stationery 
Office, 1944. 16 pages. 4d. [£0.016] 


Investigations were made on representative groups of about 200 
workers in each of several factories engaged on vvar production, 
with a view to ascertaining the effect of a reduction in working 
hours upon output. The reduction was small (from about 54 
to 51 hours per week) but this relaxation of working time was 
followed by an increase of 3 % in the output per hour dunng the 
first and second four-week periods after the change, rising to 6 
in the next four weeks. The general trend was for weekly output 
to be higher with the shorter worKing day. Changes in output 
often depended, however, on other factors than the effect of shorter 
hours, i.e. changes in the type or design of product, mechanical 
difficulties and machine breakdowns, variations in quantity and 
quality of the material used, working conditions, changes in type 
and lavout of machines. . 

While it is shown that a shortened workmg week may w expected 
to be followed by increased output and decreased absenteeism, 
changes in the design of machines, of the lay-out of work and ^ 
the form or type of product are particularly important factora 
influencing output. “ Machines should te made for men . not 
men forcibly adapted to machines. Such alterations of 
to produce all round favourable effects, must be so shaped that 
the demand on the individual worker doK not diverge sigmfirant^ 
from what may be reasonably expected from the average abilities 
of the vvorkinc croup.” 
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THE TRAINING OF THE NURSERY NURSE 

Interim Report of the National Couneff for IVIatermri- and Child Wel^ 

pubb'shed by the National Society of Children s Nurseries, 117 P 
dUly, London, W.l. 19 pages 

ISSpPiiSsI 

and careful watch and record of the nuraeiy stua 

essential ; (v) the maximum houra Xy fr "mum ; (vi) ade- 

night with a mininiurn of 4 wwks JL . (yii) the training 

quite r^eational facihtiK shouffi ^ prov yrobationary 

course should be for ^ ^nver an elementary study 

period ; (viii) the curnculum s , . , ^ mental development 

S everything conrerned with ‘he “d ffist Sd.and iilstnic- 

ofthechffd, together vyith simple atoenuaji^ 

tion in domKUc subjects , 0^ j. j^dalist lecturers (doctors, 
working in the nursery, , jXould be available ; (x) 

health visitors, child P^yubolupsU, •) ^ subject to initial and 
nurseries wishing to give 'minmg , jjjjpgctors. The report 

periodic inspection by PruP®^ should be required to sit for 
also recommends that ffiat there should 

both practical and ^ , „^yard a diploma to successful 

be one national examining b . , j Qualify for the post of (a) 

candidates; such u 

staff nurse in a nursey. W chdto^^n^ higher 

Sts in°chMrenT nurseries, hospital nursing, nursery school 
Inching, social welfare work, etc. 


VITAL STATISTICS IN THE TROPICS 

P. G»«.. E«. W 

Sere, TindaBS COX, 1944. 188 pages, i ^ 

cs Slop tho ^enmtnt ? to bear on this qurst.on ? . . • 

tax could be “fjo it be much more productive. 

ortiontothecY’illhO-do,iti:^*oma 

tatistidans excepted, few r"0P’=^"^d ‘ffiteresting reading 
istical literature -s. eyej light, ^^ools, few would 

1 even amonpt quotation to ^ the annua! 

5S correctly the ^nnme p I England and V 
vrts of the Registw-General fra 

be found on pp- xk of many of the 

andoin by th=/evievv;er, tW^^ dvil secant, ar^^; 

he period 1856 to 1875. hv committees o. the J - 

by find some 
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of their own, and couched in stereotyped and cautious terms, are 
not easy reading for the man in the street. 

From the point of view of both popular and statistical appeal 
Major Edge is fortunate in his subject, in that he deals %vith peoples 
and places far more primitive than was our own land at the time 
when Registrar-General Graham was advocating the abolition of 
London cesspools as a means of lowering the prevailing high 
mortality rates. The only thing uninteresting about his book is 
the title. It would better have been termed “ The romance of the 
tropics as expressed in vital statistics,” 

■nie general arrangement is readily appreciated. Under every 
heading — ^numbering of the population, systems of birth and death 
registration, or the collection of other statistical information — 
the author discusses first, methods in countries which have had long 
experience of such systems. Their evolution is briefly traced, 
and the uses to which the information demanded of the citizen 
is put, for his own advantage, are clearly demonstrated. From 
this aspect alone, the book may well be read not only by colonial 
medical officers of health for whom it is obviously primarily in- 
tended, but also by the general public, who will be cheered to find 
that the numerous forms they fill in, often have a definite advantage 
for mankind. 

Next he demonstrates the futility of attempting to impose the 
same methods of census-taking and registration on indigenous 
populations, and the fallacies which may appear in the results of 
these methods are persisted in against native prejudices. It is in 
so doing that he takes the reader with him to the less trod comers 
of the earth — ^Borneo, Malaya, Nigeria, the Andaman Isles — to 
name only four — and presents the collection of vital statistics 
more in the guise of books on travel. Of the difficulties of ob- 
taining records of plural births he %vrites : 

“ The Wabugwe tribe of Tanganyika also believed in the ill luck surrounding 
twins, and were accustomed to expose such infants to die in the bush. But 
curiously enough, a neighbouring tribe, the Wambulu, had no such prejudices, 
and as the birth rate of this tribe was low, they would freely adopt abandoned 
children ; so the custom had developed under which Wabugwe twins would 
be exposed on the borders of the Wambulu territory, where they were taken by 
this tribe and brought up as their own.” 

In addition he supplies constructive suggestions as to how these 
many difficulties, by studying native customs, may be to some 
extent overcome. For example ; 

“ In the post-natal period curious customs and practices arc sufficient in 
number and ^•ariety to remind the obsen’ant stranger of the presence in the 
community of newly-bom children. These evidences are seen in the food tahus 
of nursing mothers, the wearing of special abdominal bandages, and special 
ornaments, the smearing of bodies wth earth, oil, etc, and the special signs of 
recent motherhood wmeh provide exemption from tribal duties invoUang 
heavT labour.** 

Entertained so hugely, the reader will be in the mood merely 
to smile at certain inconsistences as evidencing the author’s en- 
thusiasm. Throughout each chapter he stresses the importance 
of proceeding slowly in the introduction of new schemes of regis- 
tration, and the care needed to avoid arousing the resentment of 
he natives by demanding information relating to their tribal life, 
'et he suggests : 

wherever possible some or all of the following facts should be recorded when- 
^er the birth of a child is registered — race, tribe, colour, age at marriage, 
uration of marriage, occupation, religion, number of children (a) bom alive 
ad living (i) bom alive but dead, (e) still-bom j and whether the newly-bom 
■lild was the mother’s first-bom, or otherwise (and, 3rd etc.).” 

/hen it is remembered that although birth registration has been 
ompulsory in England for over a century, figures relating to 
till-births have been available only since 1931 ; and that it was 
nly in the face of a good deal of resentment by the natives of 
England that it was made compulsory in 1939 to supply information 
sgarding the age of the mother and the number of previous 
hildren when registering a birth, the anomaly is striking. 

A foreword by Professor Major Greenwood praises the book, 
nd may be of use in correcting any impression some readers 
lay form that the collection and tabulation of data and the calcu- 
lation of simple birth and death rates are all that is needed in the 
compilation of a statistical report. 


THE SURGERY OF ABDOMINAL TRAUMA 

by Geoffrey E. Parker, London, J. & A. ChurchUl Ltd 1044 
120 pages ; 10 illustrations. 10s. 6d. [£0.525] ’ 

The reports of 94 cas« of abdominal and abdomino-thoracic 
wounds seen and treated by the author during the Italia^nH 
Tunisian campaigns form the basis of this work. As the nrefacp 
points out, problems are encountered on the battlefield which 
apart from accidents on the road and in the factory, are witho 1’ 
parallel m peace-time surgery. The book has therefore been 
wntten to assist surgeons who, although experienced in general 
surgery, are about to undertake military surgical work, and also 
for those practising surgery in industrial areas. The author does 
not consider that there is such a thing as the clinical diagnosis of 
an “ absolutely hopeless abdominal injury ” ; such cases should 
always be given the chance that operation provides. He also 
str^ses the view,, widely held, that the time interval from wounding 
until the patient stops moving must be cut down to a minimum by 
taking the surgeon as near to the line as possible; the period 
required for rest, resuscitation, etc., before the optimum level is 
reached, varies between half an hour and six hours or longer. 
The quicker the patient is brought to the operability level, the 
better his chances of survival. 

This is a useful little book, worthy of the attention of surgeons 
serving with the Armed Forces. Chapter headings : (i) diagnosis 
of abdominal injury ; (ii) pre-operative treatment and resuscita- 
tion ; (iii) general operative considerations ; (iv) technique of the 
repair of abdominal viscera ; (v) statistics ; (vi) case notes ; (vii) 
post-operative treatment and its principles. 
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NOTABLE NAMES IN MEDICINE AND SURGERY 

by Hamilton Bailey & W. J. Bishop. London, H, K. Lewis & Co. Ltd., 
1944. 202 pages ; 142 illustrations. 15s. [£0.75] 

For those who prefer to take their history of medicine in small 
doses, this is an admirable book, as valuable to nurses and other 
medical auxiliaries as to doctors themselves. There is something 
interesting on every page. Several thousand proper names exist 
in medical terminology, and while we are familiar with “ Unna’s 
paste” and “Koplik’s spots,” with “ Mdni^re’s disease” and 
“ Trendelenburg’s position,” few of us know much about the men 
who have been thus eponymized. A well-known surgeon has 
collaborated with the sub-librarian of the Royal Society of Medicine 
in the production of the book, which consists of brief sketches of 
the lives and work of 83 men and women who have made notable 
contributions to medicine and whose names are perpetuated in 
medical terminology. A portrait is included with each sketch and 
the book is interspersed with many other interesting illustrations. 
The book will serve as an excellent stimulant to a further interest in 
the study of the history of medicine. 
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MODERN TREATMENT YEAR BOOK 1944 

A Year Book of Diagnosis and Treatment for the General Practitioner 
edited by C. P. G. Wakeley. London, Medical Press & Circular, 
1944. 300 pages ; 17 plates, 15 illustrations. 15s. [£0.75] 

This volume, the tenth in the series, comprises 42 articles, con- 
tributed by well-known authorities in Britain. The first 21 articles 
deal with a variety of subjects in medicine, surgery, gynaecology 
and obstetrics, while the remaining contributions discuss modern 
methods of treatment of diseases and injuries associated with 
war. The aim of this volume is to provide a concise account of 
recent progress in treatment and it is especially suitable for the 
doctor in the Armed Forces and the busy general practitioner. 
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For two reasons, we are particularly glad to be able to publish a 
contribution from Sir Edward Mellanbv. The first, and more 
obvious, reason is that this number is concerned with nutritional 
"i problems, and Meltanby is well known, not only as the official 
leader of British medical research, but as one of the builders 
of nutritional science. An essay on nutritional science in 
medicine from such a source cannot fail to command special 
interest and attention. The second reason is that Sir Edward 
Mellanby has been, since 1941, Chairman of the Medical 
Panel which advises the British Council in that part of its 
work which is directed to the development of medical relations 
with other countries. Ahy progress which this work has made 
has been to a large extent dependent on Sir Edward's advice, 
encouragement and accessibility. 

Most readers will know that it was Meilanby who proved 
rickets to be a disease primarily due to the absence from the 
diet of a fat-soluble factor (later to be identified as vitamin D). 
It is perhaps less well known that he was also the first to show 
(in 1922) that cereals exerted a rachitogenic influence. In 
1939, he (with D. C. Harrison) identified phytic acid as one 
of the factors responsible for this influence. Phytic acid 
exercises its rachitogenic action by precipitation of dietary 
calcium as the insoluble calcium phytate. It was an idea of 
considerable novelty that something in the nature of a simple 
test-tube reaction, taking place in the alimentary canal on 
admixture of the reagents concerned, could affect the availa- 
bility of an important nutrient. This work was extended by 
investigations on the effect of brown bread on mineral metabol- 
ism (see notes on Dr. McCance and Dr. Widdowson below), 
and has led to the fortification with calcium of the British 
war-time loaf. Mellanby has recently (Nature, 1944, 154, 394) 
drawn attention to the complex factors which may affect the 
amount of phytic acid and its hydrolytic products present in 
■cereal foods in the form in which they are consumed. 

Mellanby has also in recent years been responsible' for 
another piece of research which may' well throw light on a 
number of unsolved clinical problems. This wos the discovery 
that vitamin A influences the growth and shape of bones and, 
indirectly, the function of the central nervous system and 
its nerves (including those pertaining to the special senses) as 
they traverse bony canals. We have ‘already published brief 


references to this work (BMB 97 & 376), which was recently 
summarised in Mellanby's Croonian Lecture to the Royal 
Society (Proc. roy. Soc. B, 1944, 132, 28). 

Mellanby's earlier scientific activity has included an investi- 
gation into the effects of alcohol on the human organism, made 
in 1918 at the request of the British Government, and also 
work in the fields of cancer and endocrinology. From 1930 
he was actively associated with the Health Section of the 
League of Nations and was Chairman of the International 
Conference for Standardization of Vitamins in 1931 and 1934 
and of the International Technical Commission on Nutrition. 
Among nutritionists he is regarded as the driving force behind 
the establishment of international standards of vitamins and 
of standards for optimal human nutrition. 

In 1933 he became Secretary of the Medical Research 
Council, the second to hold that office, and under his administra- 
tion the Council has initiated or supported an extraordinarily 
wide field of medical research activities. Since 1939, more 
long-range activities have had to yield precedence to medical 
problems of the war, and a full account of these will make 
interesting and impressive reading when it can be published. 
In particular, the work of the committees, under Mellanby's 
chairmanship, which have been responsible for the study of 
numerous physiological and psychological problems of the 
fighting personnel of the Navy, Army and Royal Air Force, 
will deserve attention. For an authoritative and thoughtful 
discussion of problems of the organization and direction of 
medical research in normal times, the reader should refer to 
Mellanby's Harveian Oration on ‘ The State and Medical 
Research' (1937). 

Dr. B. S. Platt, the author of our second article, is Director 
of the Human Nutrition Research Unit recently appointed by 
the Medical Research Council. Dr. Platt started as a chemist 
and then turned to the study of medicine. He has had a unique 
experience of nutritional investigation in the field, ■"f'” 
1932-38 he iras with the Henry Lester Institute of Medical 
Research at Shanghai, and while there carried out original 
investigations on vitamin deficiencies, for which he had a ua 
qualification as physician and chemist. In 1938 he « 0 irrted to 
Britain and was appointed to the scientific staff of the Medical 



Research Council as senior member of the Central Organiza- 
tion for Co-ordination of Nutritional Investigations in Colonial 
Territories. From 1938-40 he was director of a survey in 
Nyasaland, in the course of which he visited {for the Secretary 
of State for the Colonies) Uganda, Kenya, Tanganyika, 
Zanzibar, North and South Rhodesia, and Bechuanaland. In 
1940 he became Joint Secretary of the Scientific Committee 
on Food Policy, which advises the British Government. 
Between 1940 and 1942 he was responsible for surveys of 
feeding in industry, in the Royal Air Force, and in the A.'my, 
was appointed Secretary of the Medical Research Council 
committee on the care of shipwrecked personnel, and became 
a member of several other committees concerned with medical 
and nutritional problems arising out of the war. In 1943 
Platt represented the British Ministry of Health at the United 
Nations Conference on Food and Agriculture at Hot Springs, 
U.S.A. In the autumn of 1 944 hejiew to Newfoundland as one 
of a survey group, and he has recently left England for a visit to 
the British fi'est Indies to investigate nutritional conditions 
(his departure on this mission has made it impossible for him 
to correct the proofs of his article). 

Dr. D. P. Cuthbertson ivoj in 1943 seconded to the 
headquarters staff of the Medical Research Council. He is 
Secretary to the Council's committees on traumatic shock, 
blood-transfusion research, hiemoglobin surveys, and protein 
requirements. From 1926-34 he was lecturer in pathological 
biochemistry at the University of Glasgow, and clinical bio- 
chemist to the Glasgow Royal Infirmary. In 1934 he was 
appointed Grieve Lecturer in physiological chemistry at 
Glasgow University. 

During the past 14 years his research work has been directed 
mainly to the study of metabolic responses to injury, factors 
influencing wound-heaUng and the strength of bone, and the 
interrelationships of protein and carbohydrate metabolism. 
In his article he briefly surveys the difficult and far-reaching 
subject of protein metabolism. 

Dr. S. S. Zilva, who is a member of the scientific staff of 
the Medical Research Council working at the Lister Institute, is 
well known as one of the original workers on vitamin C. He 
first came to the Lister Institute in 1913 and became a member 
of the staff of the Medical Research Council six years later. 
From 1927-31 he was partly seconded to the British Empire 
Marketing Board for the investigation of nutritional problems 
in connection with food products from the Empire. He has 
been a member of the Accessory Food Factors Committee of 
the Medical Research Council fince 1930 and is also a member 
of others of the Council's sub-committees. For many years 
he has been engaged in the full-time study of nutritional prob- 
lems, with special reference to the subject of vitamin C in its 
chemical, biological, physiological and pathological implica- 
tions. 

Dr. R. a. McCance is Reader in Medicine at the University 
of Cambridge. Originally a research student in physiology, he 
deeided to study medicine at King's College Hospital, London, 
with which he was associated after graduation. Work with 
Dr. R. D. Lawrence, the weil-known specialist in diabetes, 
first aroused his interest in the chemical composition of foods. 
Later, as a result of investigations which lasted 14 years, he 
published {with E. M. Widdowson) a monograph on the chemical 
composition of foods, which was issued as No. 235 of the Medical 
Research Council Special Report Series. McCance's interest 
in water metabolism was also originally stimulated by work 
done with Dr. R. D. Lawrence on the secretion of urine in 
diabetic coma. In 1936 McCance delivered the Goulstonian 
Lectures at the Royal College of Physicians, taking as his 
subject his own work upon experimental salt-deficiency in man. 
The work on salt was followed by a series of investigations on 
the absorption and excretion of iron, calcium and other minerals 
{sec also note on Dr. Widdowson beiow). In 1938 McCance 
was appointed to his present position at Cambridge, but this 
has invoived little interruption of his investigations. ‘Since the 
war he has devoted particular attention to balance experi- 
ments, many of which are performed upon himself and his 
collaborators, and involve exact measurement of all ingested 
food and excreta. In 1943 McCance went to Spain and 


Portugal on behalf of the British Council to lecture and visit 
medical centres. 

Dr. Winifred F. Young, who is co-author with Dr. McCance 
of the article on water metabolism in this Bulletin, studied 
medicine at Cambridge and in 1935, appointed as intern 
and resident biochemist to the diabetic clinic at King's College 
Hospital. Since then she has held resident appointments at 
the South London Hospital for Women and Children, the Infants' 
Hospital, Vincent Square, London, and the Children's Hos- 
pital, Birmingham. She has been the holder of a grant from 
the Medical Research Council from 1938 to 1943, first 
(1938-41) for an investigation at Birmingham on the renal 
function of infants and of dehydration in infants with diarrhaa 
and vomiting, then (1941-43) for work with Dr. McCance on 
the study of experimental dehydration in human volunteers at 
the Department of Medicine, Cambridge. 

Dr. E. M. Widdowson, who contributes an article on mineral 
metabolism, started her scientific career as research assistant 
to the Food Investigation Board of the Department of Scieatific 
and Industrial Research (a State-supported organization parallel 
in function to the Medical Research Council). From 1933 to 
1938 she worked in the Biochemical Department of King's 
College Hospital and then moved to the Department of Medi- 
cine, Cambridge, where she is working as a whole-time member 
of the Medical Research Council staff. Most of her work has 
been on the composition of foods and on mineral metabolism 
in man. In collaboration with McCance, she discovered that 
iron is never excreted in more than traces, and consequently 
that the amount absorbed must vary with the needs of the body. 
The work on mineral metabolism led to the demonstration 
that brown bread inhibited the absorption of calcium, and 
provided experimental evidence for the addition of calcium 
to the war-time fiour {which has a relatively high phytic-acid 
content). Dr. Widdowson also introduced the “ individual 
method" of making dietary surveys, in which each person 
weighs all that he or she eats for a period of one week. 

Dr. J. D. King was engaged in full-time research on behalf 
of the Medical Research Council from 1932-1940. From 
1940-41 he held a commission in the Army Dental Corps and 
conducted an investigation on ulcerative gingivitis. In 1941 
he seconded to the Medical Research Council for further 
research on parodontal disease, and he has recently been 
appointed to the Council's whole-time scientific staff at the 
Nutrition Building of the National Institute for Medical 
Research. He is the author of a considerable number of 
original publications on dental and parodontal disease, with 
special reference to nutritional factors. These publications 
include one of the Medical Research Council Special Report 
Series {No. 241) on “ Dental Disease in the Island of Lewis ". 

Dr. King has co-operated with the Ministry of Health in 
war-time surveys related to nutrition and -oral health. 

Dk. J. R. P. O'Brien is at present demonstrator and lecturer 
in clinical biochemistry in Oxford University, and biochemist 
to the Nuffield Scheme for Medical Research. He was a 
pupil of Professor R. A. Peters, of Oxford, with whom he 
worked on the isolation and physiological properties of vitamin 
Rj and other constituents of the vitamin-B complex. His 
interests are at present divided between nutritional problems 
associated with the B-vitamins, and the metabolism of the 
porphyrin pigments in blood disorders. 

Dr. Magnus Pyke started his scientific career at McGill 
University, Montreal, and in 1933 he took a degree in agricul- 
tural chemistry. He later carried out research in biochemistry 
Under the direction of Professor, now Sir Jack, Drummond, at 
University College, London, where he received the degree of 
Ph.D. of that University and subsequently became a Fellow 
of the Royal Institute of Chemistry. As assistant to Sir 
Jack Drummond in the Ministry of Food, he has been concerned 
particularly with nutritional problems in connection with large- 
scale feeding. He also acquired experience, both in Canada 
and in Britain, in applied biochemistry, in the course of work 
for industrial firms engaged in the manufacture of pkarmxt- 
ceutical and biochemical products. 


I 

1 


201 


a2 



SPECIAL CONTRIBUTIONS 


484 

NUTRITIONAL SCIENCE IN MEDICINE 

Sir EDWARD MELLANBY, K.C.B., F.R.S., M.D., F.R.C.P. 
Secretary, Medical Research Council 


Nutritional research has now come to occupy a dominant 
position in the study of problems both of health and oC 
biological science. In regard to disease, it began as a small 
flame in 1897, when Eijkman correlated his observations on 
beriberi among Javanese prisoners with his experimental 
results on polyneuritis galUnarum, finding that these con- 
ditions in man and bird were both due to the consumption 
of polished rice, and preventable by addition of the pericarp 
of the grain. The flame was fanned by Holst and Frdlich 
in 1907, when they studied scurvy in guinea-pigs and found 
that it could be prevented and cured by something in fresh 
vegetables and fruits. As both beriberi and scurvy were 
rarely seen in western countries, the average medical man 
was not particularly interested in these clinical discoveries. 
It was only in 1918, when it was shown by experiments on 
puppies that rickets, one of the most common diseases of 
Europe, was due to the absence from the diet of a fat-soluble 
substance associated With fish and animal fats, that the im- 
portance of diet in relation to human health and disease 
was appreciated. 

Recognition of Dietary Deficiency as a Cause of Disease 

From 1920 onwards, the flame of dietetic and nutritional 
research became a fire extending over all countries of the 
world. In particular, the idea of “ deficiency diseases ” — 
that is, diseases due to the absence from the body of specific 
chemical substances — was generally accepted. It was re- 
cognized that, for the maintenance of health, certain vitamins 
and other accessory factors must be present in the food in 
sufficient quantities, as the animal body was either incapable 
of synthesizing them, or its power in this respect was limited. 

It is now known that this idea of “ deficiency diseases ” is 
not always so simple as when Grijns first formulated It in 
1901, and that there are other dietetic and nutritional factors 
^hich often determine the development of such illnesses. 
Thus, the amoimt of aneurin necessary to prevent beriberi 
and allied conditions is governed by the amount of carbo- 
hydrate or alcohol also consumed ; similarly the amount of 
vitamin D necessary to produce perfect calcification of bones 
and teeth is conditioned .by the amount of calcium and 
phosphorus in the food and their relationship to one another. 
In other words, there are sometimes positive as well as 
negative factors to be taken into account in such diseases. 

It would be unfair, in recording the successes that have 
followed the establishment of “ deficiency disease ” ‘as a 
factor in anitnal and human life, to forget that the idea of 
such an etiology had been advanced so long ago as 1850 
by Chatin, following extensive estimations of iodine in 
foodstuffs, when he related the development of simple goitre 
to a deficient intake of iodine. This hypothesis was, however, 
formally suppressed by the French Academic des Sciences 
in 1860. TTie recognition, as a result of the discoveries of 
Pasteur, Lister and Koch, that a major cause of disease was 
the invasion of the body by micro-organisms, was responsible 
for' an outlook which made it difficult, and at the time 
apparently impossible, to imagine a deficiency or absence 
of something from the body as being a cause of disease. It 
was only the discovery by Baumann in 1895 of iodine in 
the thyroid gland that allowed the resuscitation of Chatin’s 
original hypothesis of the cause of thyroid enlargement, and 
research from that time has more and more confirmed his 
views. 

If this disregard of dietary deficiency as a factor in disease 
were the only suppressive effect that could be ascribed to 
Pasteur’s remarkable work, it worild probably not be suf- 
ficiently important to stress here, but it must also be remem- 
bered that it had a similar influence on the attitude to Qaude 
Bernard’s hypothesis that many diseases are due to the 
abnormal working of bodily processes which, when physio- 
logical -or optimal, result in good health. It will be remem- 
bered that Claude Bernard claimed, on this basis, that medical 
science was essentially experimental physiology. This again 


was an overstatement of the case, but the success of the 
mat cries morbi hypothesis, as achieved, by Pasteur, Lister 
and Koch, again delayed, but did not prevent, the ultimate 
acceptance of Beriiard’s hypothesis. Indeed the develop- 
ment of research on “ deficiency diseases ” has tended only 
to emphasize the truth of the Bernard teaching. 

r 

Dangers of a Specialized Outlook 

There is surely a lesson to be learnt from th«e historical 
facts — ^namely, that we must avoid allowing the very success 
of research on the relation o.f nutrition and disease to cloak 
and possibly even to suppress, temporarily at least, other 
pathological hypotheses and theories. The specialist is the 
backbone of medical, as of all research, but the concentration 
that leads to discovery is apt to be associated with -blindness 
to other views, and this must be guarded against. Probably 
the danger is not so great nowadays, when many liiore men 
and women are engaged in medical research and when 
publication of results is so easy and widespread, but it would 
be well if the danger were more widely recognized. What is 
more h’kely to happen now is, not the suppression of new 
points of view and new lines of scientific investigation, but 
the loo rapid development, and adoption as a fetish by an 
advertisement-goaded public, of new discoveries in medicine. 
This undesirable reaction as regards vitamins has not been 
absent from some countries, and scientific men ought to 
combat it. Except in infancy and childhood, there are but 
few instances where good health cannot be maintained by 
eating properly chosen food without the constant adminis- 
tration of vitamin preparations. 

Biological Problems 

Surveying now the general field of nutritional science, 
what do we find? We see that physiologists and bio- 
chemists, mainly by means of experiments on the growth of 
young rats, have detected a large and increasing number of 
chemical substances which must be present in the diet, often 
in minute quantities, either for the maintenance of life itself, 
or for proper growth. The chemical constitution of most 
of these vitamins is known. The chemists’ success has 
^ indeed been great. But what about the biological side: 
can it be said why these substances are essential and/or in 
what way they work ? From this angle the success has not 
' been so outstanding : a biological problem is usually much 
more difficult than a chemical problem, for the living cell 
and animal body are not limited in their actions by the 
kno\vn rules and regulations of the chemist’s laboratory. 
Besides, the physiological technique which led to the dis- 
covery of many of these substances, namely growth in young 
animals, is so crude, and the factors involved are so many 
and complicated, that little knowledge of biological function 
can be deduced from them. 

Thus, there is hardly any knowledge of how the vitamins 
work in performing their functions. Even when the ultimate 
action of a vitamin is known, as in the case of vitamin D, 
whose main function is certainly so to control calcium- 
phosphorus metabolism as to bring about the calcification 
of bones and teeth, there is still no knowledge of how if 
worla. Does it simply bring about the absorption from 
the intestine of sufficient calcium and phosphorus to main- 
tain these elements at an optimum level in the blood, leaving 
the calcifiable tissues to select their needs from the blood 
stream, or does it actually assist the calcification pro<^s in 
the bones and teeth? Even when there is sure evidence 
• 'that vitamin D acts in either or both these ways, there will 
-Still remain the problem of how it performs these functions. 
Does it, for' instance, form part of an enzymic complex 
analogous to the co-carboxylase in which vitamin Bj is 
known to participate ? In the case of vitamin D we nave at 
least reached the stage of formulating the problem, and the 
same applies to vitamin K, but with most other vitamins we 
have not even reached this stage. Clearly this, is a great . 
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challenge to all interested in experimental biology — physio- 
logists, biochemists, pathologists, pharmacologists and 
clinicians. To pathologists the appeal is specially strong, 
even to those concerned with morbid anatomy, for one 
outstanding result of modem work on nutrition is that it is- 
gradually making that subject into an experimental science. 
Few things are more interesting than to see how, one by one, 
it is becoming possible to reproduce under experimental 
dietary conditions the long-known classical changes seen in 
morbid tissues, one of the most interesting in recent times 
being the fatty infiltration, necrosis and cirrhosis of the liver 
induced by dietary defects of choline and the amino-acid 
methionine. 

Nutrition and Infection 

Nothing seems to be more certain than that nutritional 
defect is at least part of the retiological basis of many of the 
more common illnesses, and yet, in most of these cases, this 
Is only conviction without satisfactory proof. For instance, 
it will probably be found that a dietetic or nutritional factor 
is involved in the stiology of enlarged tonsils and adenoids, 
peptic ulcer, diabetes mellitus, pernicious anKmia, arterio- 
sclerosis and rheumatic disease. The relation of nutrition 
to infection remains an imsolved problem, but that there is 
such a relationship is not to be doubted. Tuberculosis and 
other infective diseases increase when the nutritional con- 
dition of a population is greatly lowered. What is even more 
certain is that in badly-fed populations infective invasions by 
micro-organisms are much more deadly than in the well-fed. 

In the great field of investigations which lies before us, we 
must keep a balanced view of the relative importance of the 
two factors — infection and resistance to infection — as in- 
fluenced by nutrition. The bacteriologist and epidemiologist 
may, at times, be inclined to lay all stress on the infective 
process and the pathogenicity of the micro-organisms ; the 
nutritionist, on the resistance of ihe body. The relative 
importance of these factors will no doubt vary greatly in 
each particular infective process studied, but that both must 
be regarded as of major importance in many cases is im- 
doubted. We have recently seen how fruitful, has been the 
study of some chemotherapeutic agents, especially the 
sulphonamides, when considered from the point of view of 
the chemistry of the bacteria upon which they act, and it is 
not to be doubted that knowledge of the chemical processes 
which underlie the toxic action of pathogenic micro-organisms 
and the resistance of the tissues to them, and of how these 
are affected by nutrition, will shed great light on infectr-*". 
disease. In some cases it may even be foimd that passage 
of an infective agent through a series of people in good 
nutritional state will lower the pathogenicity of the invading 
micro-organisms. 

In some types of infection it will probably be found that 
diet, acting during the period of development of the affected 
tissues and after their formation, is the main controlling 
factor as, for instance, in dental caries, gingivitis and paro- 
dontal disease. In other cases good nutritional conditions 
may only modify the severity of the disease by increasing the 
resistance of the body to the infective agent, as for instance 
in tuberculosis, while in some types of -infection the diet 
and nutritional state may have little or no effect on the 
incidence and severity of the condition. 

To what extent, if any, dietary factors will be found to 
have a specific anti-infective action remains for future in- 
vestigation. Some investigators on nutrition have already 
had experience in the search for this El Dorado, and in con- 
sequence regard the problem with more respect. Nothing 
could have been more promising than the indications of a 
specific anti-infective action of vitamin A in young rats, 
which die almost without exception with multiple infective 
foci when deprived of ritamin A, and recover rapidly if this 
vitamin or carotene is added to the diet within reasonable 
time. In endeavouring to extend these facts to bacterial 
infection in human beings two points were not realized. The 
first, that rats hold a special place among animals in their 
susceptibility to infection when deprived of ritamin A, 
because of their great liability to develop hyperplasia and 
metaplasia of epithelial surfaces under this condition. The 
second; that it seldom happens that human beings are 
deprived of vitamin A to the extent produced e.xperimentally 
in the rat experiments. Although it is undoubtedly true 
that a great deficiency of ritamin A in the body lowers man’s 
resistance to bacterial infection, it is improbable that a degree 
of deficiency of this ritamin, such as is met wth in Britain 


and comparable countries, is an Ectiologlcal factor in in- 
fective disease of great significance, except possibly in infants. 
Nor is there any substantial evidence in the case of vitamin A 
that added resistance to infection results from giving more 
of it than is physiologically needed. Indeed there is but 
little evidence that giving amounts of any vitamin larger than 
those physiologically necessary makes the body functionally 
more effective. An exception to this is nicotinamide which, 
in larger doses than are necessary for health, appears to 
produce an effect on the neuro-muscular mechanism in man 
which lowers the time needed to carry out strenuous exercises 
associated with good co-ordination. 

Nutritional Science and Food Policy 

War conditions in Britain have made it essential for the 
maintenance of health that modem knowledge of nutrition 
as revealed by research should play an important part in 
framing food policy. War-time food policy in this country, 
as canied out by the Ministry of Food, is described in a 
separate article below.* It nught be of interest to say some- 
thing from the point of view of the scientist on this -question. 
It can be said at once that during war-time nutritional 
experts in Britain have had an opportunity to express their 
views and to give their advice either through the Medical 
Research Council or through the Food Policy Comrm'ttee of 
the War Cabinet. Generally speaking, actions by the 
Ministry of Food have followed the lines of this advice, 
sometimes on the basis of its nutritional advantages to the 
nation, and occasionally because the shipping and economic 
conditions enforced its adoption. As the scientists’ advice 
on food policy in war-time was based on both of these factors, 
it came to the same thing in the end, but this will not 
necessarily continue to be so when the time comes to adopt 
a long-term policy for the days of peace. When that time 
arrives, policies dependent on scientific and economic factors 
respectively will often be divergent and, unless the nutritional 
needs of the people are given precedence over economic 
claims, much of the progress in health standards of the 
population may be lost. 

The war has emphasized the lesson that in industrialized 
countries two foodstuffs have pre-emiuent claims to national 
control. The first is milk and the second cereals, especially 
bread. So far as milk is concerned, the policy of Britain 
is satisfactory and will probably remain so in peace-time. 
In this case the Government policy to ensure that all pregnant 
and nursing mothers and all infants and children receive, 
if they so wish, a reasonable quantity of milk can only be 
commended. It is true that in war-time many adolescents 
and adults have had to go short of milk, especially in the 
winter months, and it is also true that too high a proportion 
of the milk is neither clean nor bacteriologically safe. Deter- 
mined action is required both to increase the supplies and to 
improve the quality, and the Government seems inclined to 
press on with both of these policies. 

The Bread Question 

In the case of cereals and cereal products, the situation is 
not so satisfactory. Bread made from wheat has in the past 
formed, and undoubtedly will in the future, a substantial 
part of the British diet. The bread eaten before the war was 
made of a low-extraction flour (70 to 73 % of the berry), 
and consisted entirely of the endosperm, while the bran, 
aleurone layer, scutellum and embryo were extracted by the 
millers and sold for cattle, pig, and poultry food. Thus, 
most of the vitamin and mineral contents of the wheat berry 
which are knoivn to be essential for health went to animals, 
while the residue formed a substantial part of human dietaiy. 
Nutritional scientists are agreed that this policy is vTong, 
but unfortunately there are two schools of thought as to the 
best method of dealing with this important national problem. 
One school, represented by British scientists, thinks that 
bread for human consumption should be made of flour con- 
taining as much of the .wheal berry as is physiologically 
absorbable, i.e. the whole grain except for the outer coarse 
bran. The second school, represented by some North- 
American scientists, thinks that flour should be of the old 
low-extraction, white tjpe, with the addition of those ritamins 
prepared by sjaithetic or other methods which arc known to 
be present in the oripnal berry. This second method is 
based on the assumption that the main \itamin contents of 
cereals are known, and that their physiological importance 


* Isee B.MB 492] 
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to the body is iinderstood. These assumptions many physi- 
ologists will find difficult to accept. It is probable that the 
policy of the British Ministry of Food in war-time as regards 
bread production, namely of producing 85 %-extraction 
flour with a minimum of fibre and with high vitamin-Bj and 
iron content, has depended more upon shipping difficulties 
than upon nutritional grounds. Consequently, when the 
.shipping situation is eased, there will be a powerful move to 
return to the meretricious attractions of the old white bread for 
human consumption, thus releasing to the farmer, poultry- 
keeper and manufacturer of proprietary food-products more 
of the valuable offal for their own purposes. Possibly as a 
gesture to those with knowledge of nutrition there will be 
added to the bread aneurin, nicotinamide, .riboflavin and 
iron, as is. now being done in North America. 

This solution of the bread problem, which consists 
essentially of depriving flour of most of the chemical entities 
in wheat which are necessary to life and then restoring a few 
of these substances, seems wrong in principle. In fact, 
the method is also wrong, because the low-extraction while 
flour will undoubtedly be more and more eaten in tropical 
and other countries in which the addition of the vitamins 
will not take place. There will be a repetition of the polished 
rice story, only in this case it will be soulless bread. 

Need for International Agreement 

It is obvious that scientists of different countries cannot 
afford to differ on this important question of the best utiliza- 


tion of available foodstuffs. In the case of cereals, and car 
ticularly bread, it is very desirable that after the’ war thev 
should come together and see whether they cannot reach 
agreement on the optimum composition, both from a nutri- 
tional and from an esthetic point of view, of those cereal 
preparations which form such a large proportion of the 
normal diet. The path to such an agreement in policy has 
already been blazed by the Health Section of the League of 
Nations. This body achieved the outstanding feat, both of 
setting up international standardization of vitamins, and also 
of determining standards of nutrition in terms of common 
foodstuffs. Probably after the war either this body or its 
successor will be able to bring about further international 
co-operation in matters of diet and nutrition and, among 
other things, agree on a common policy as regards the 
optimal composition of bread and other cereal products. 
It may be that new milling techniques will have to be intro- 
duced to secure the production in peace-time of bread which 
fully accords with the principles advocated by British 
scientists ; namely, bread made from a flour which contains 
all the nutritionally important contents of the wheat beny 
and is at the same time ssthetically excellent. 

All that is demanded is that the factor controlling the con- 
stitution of bread should be primarily the health of the con- 
sumer, and that milhng and other interests should be secondary 
to this condition. Indeed, no nutritional policy adopted by 
governments can be wrong if it places the health and the 
needs of the community as its first and guiding principle. 
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ASPECTS OF NUTRITIONAL RESEARCH 

B. S. PLATT, M.Sc., Ph.D., M.B., Ch.B. 

Human Nutrition Research Unit, Medical Research Council 


The science of nutrition has grown rapidly in recent years ; 
there has been an almost equally rapid application of nutri- 
tional knowledge in public health and social and economic 
problems the world over. In this essay, I want to illustrate 
from my own work, and from work with which I have been 
intimately associated, the nature of the most important 
phases of the progress made in nutritional science and in its 
practical application. 

Types and Grades of Nutritional Deficiency 

The advances made in nutritional science in the present 
::entury have mainly originated in the study of dietary de- 
ficiency disease. It is now well recognized that such diseases 
IS rickets, beriberi, scurvy and pellagra are caused by lack 
of specific chemical substances or nutrients in the diet. In 
general, these are primary dietary diseases ; symptoms and 
physical signs similar to those found in these diseases may, 
however, develop secondarily to conditions in the body 
which give rise to impaired absorption and utilization, or 
abnormally increased requirements, of the specific nutrient. 

The grade of a deficiency disease, whether primary or 
secondary, depends on the degree of the insufficiency of the 
food factor and its duration ; the degree may be mild, 
moderate or severe, the duration acute, subacute or chronic. 

Observations made in a combined biochemical, clinical and 
field investigation of many hundreds of cases of vitamin-Bi 
deficiency in China from 1933 to 1937 (Henry Lester Insti- 
tute, 1935, 1936a, 1937-38a ; Platt & Gin, 1934 ; Platt & Lu, 
1935, 1936) will assist, perhaps better than those on any 
other deficiency disease, in elucidating the various ways in 
which a primary dietary deficiency may manifest itself. In 
acute severe vitamin-Bi deficiency the patient was obviously 
seriously ill, was either greatly distressed, or sometimes col- 
lapsed, and. before the highly concentrated or pure vitamin 
Bj was available, invariably died. Pyruvic acid was isolated 
from the blood of patients with this acute, severe vitamin-Bi 
deficiency. It was found that this substance accumulated 
in the blood up to a level of 5 to 6 mg. per 100 ml. A single 
dose of 5 mg. of pure vitamin Bi was usually sufficient to 
reduce this to the normal level of about 0-5 mg. per 100 ml. 
in 12-15 hours, with complete recovery of the patient.’ In 
striking contrast to this type is the chronic so-called “ dry ” 
beriberi There is no accumulation' of pyruvic acid m the 


blood of this group of patients, and treatment for long 
periods appeared to have httle or no effect. 

By far the largest group of beriberi cases encountered in 
Shanghai were of subacute, mild or moderate deficiency. 
There was usually a small accumulation of pyruvic acid in the 
blood ; the signs and symptoms had some of the features of 
the acute, the severe and the chronic types, but they responded 
to treatment with vitamin Bj more slowly than the former but 
much more markedly than the latter grade. 

Observations (Henry Lester Institute, 1936b) on the effect 
of the treatment of scurvy with pure vitamin C, and of gross 
follicular keratosis with vitamin-A concentrates, though less 
extensive than those on beriberi, were sufficient to justify 
the view that these diseases could exist as primary dietary 
defects in substantially “ pure ” forms. At the time this 
work was done, the components of the vitamin-Bo complex 
had not been separated, but pellagrins were observed to 
recover rapidly on treatment wth certain liver concentrates 
now known to be rich in nicotinic acid. 

Factors Contributing to the Clinical Expression of 
Nutritional Deficiency 

Added to the effects of degree and duration on the mani- 
festations of vitamin-Bx deficiency, were the consequences 
of various stress factors. These included physical exertion, 
the amount of rest and sleep obtained, the quantity of carbo- 
hydrate foods in the diet, the temperature and humidity of 
the climate, the co-existence of infections (particularly those 
associated with fever) and the concurrence with the deficiency 
state of hyperthyroidism. Thus, the onset of the majority 
of beriberi cases coincided with the onset of the hot humid 
season of the year. Patients with the acute severe disease 
were usually admitted to hospital in the early hours of the 
morning after a sleepless night due to poor sleeping quarters 
and bad hygienic conditions, including infestation with bed 
bugs. Characteristically, patients of this group were young 
hard-working males, accustomed to eating large meals con- 
sisting mainly of highly milled, well washed rice. 

-The manifestations of deficiency observed in pregnancy 
are of special interest (Platt, 1937), in that they illustrate how 
stress factors and duration can contribute at different stages 
to the appearance of different signs and symptoms. Towards 
the end of pregnancy, when there is already strain on the 
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circulatory system, the signs and symptoms of nutritional 
deficiency are predominantly cardiovascular, such as swelling 
of the feet towards the end of the day, with breathlessness 
on exertion. This evidence usually disappears with par- 
turition, and if dietary insufficiency persists and lactation 
ensues, a well-defined polyneuritis may develop. 

Stress factors also play their part in determining the site 
of a lesion. Thus, the peripheral neuritis of vitamin-Bi 
deficiency may be most marked in the most used parts of the 
body. A man stripping hides with a knife held in the left 
hand, the right hand holding the hide, showed changes in 
the left upper limb only ; a tailor’s cutter had a right “ thumb 
drop ” and a tram driver had changes most marked in the 
upper arms. Pressure may prove to be a localizing factor, 
for example, follicular keratosis due to vitamin-A deficiency 
may be found only on the right forearm in women who do 
not show such changes elsetyhere ; these women will be 
found to rest their forearm on their knee when shelling maize 
or peeling plantains in a squatting position. Exposure to 
sunlight is a factor in determining the areas of the skin 
aflfected in a pellagrin. 

In addition to the combination of dietary deficiency and 
various stresses, zymotic disease factors may play a part in 
determining or modifying the clinical picture as, for example, 
in the association of the fusiform bacillus and spirochetes of 
Vincent’s disease in the gums in nicotinic-acid deficiency in 
sites where there is local trauma or irritation. The organism 
{Oidiiim albicans) associated with “ thrush ” may develop on 
an excoriated area, and an angular stomatitis thus infected 
becomes “ la perleche”. 

Early Observations on the Occurrence of Minor 
Deficiency States 

Once the aetiology of the frank cases of deficiency diseases, 
resulting mainly from insufficiency of single food factors, 
was recognized and the therapeutic measures became avail- 
able, the centre of interest in malnutrition shifted to the 
study of minor manifestations of insufficiency of these and 
other accessory food factors. In a summary of a lecture I 
gave in 1936 ^latt, 1936a) it is stated: 

“ Emphasis is laid on the discovery of the prevalence of the 
manifestations of minor grades of dietetic deficiency diseases, 
in the study of which it may be taken as a genera! principle 
that the knowledge of the natural history of these various 
diseases and their uncomplicated and more flagrant forms, 
provides the basis for identification in their larval stages.” 

Some of these minor manifestations I described as occurring 
in associations, particularly with the minor manifestation of 
vitamin-Bi deficiency, and in summarizing observations of 
their incidence I svrote (Henry Lester Institute, 1937-38b) : 

“ In 1933-34 the occurrence of various clinical manifesta- 
lions in association with beriberi was recognized. These 
were evidently early stages of deficiency diseases not suffi- 
ciently well developed to be called scurvy, pellagra, etc. 
Observations were made on numerous subjects in factories, 
workshops, schools and on inhabitants of rural areas using 
these signs as indices of improper nutrition. The results 
obtained showed that in industrialized areas, especially 
amongst the younger workers, there was a high incidence of 
malnutrition measured by this method. Furthermore there 
were very many cases of minor grades of deficiency for each 
frank case of deficiency disease recognized. Of nearly two 
thousand so-called apprentices in small workshops in Shanghai 
70 % showed at least one deficiency sign. These boys com- 
prised 40 % of the total working force. Owing mainly to 
the deficiency diseases which had developed, a large turnover 
was found ; 60 % worked one year or less and in a sample of 
2TO workers 15 % had been replaced in three months. A 
high proportion of the deficiency states met with were due 
to vitamin-B^ deficiency. 

“ "^e knowledge of the appearance of these .forms of 
impaired nutrition served as a basis for a general survey of 
the population in some refugee camps. These results, from 
samples of 50-100 persons taken from each of six refugee 
camps containing some 1,500 refugees at the end of August 
1937, shpwed that, in a total of 400 refugees, 117 had evidences 
of vitamin-Bj deficiency, 11 of these being established beriberi. 
These subjects had not been in the camps for more than ten 
days and the eWdences of deficiency must have been due to 
deficient diets taken before the war situation developed. It 
IS mtercsting that the distribution of evidences of vitamin-Bi 


deficiency in this sample of population is similar to that 
found by us in the previous year for young factory boys.” 

Effects on Nutrition of Food Habits and Methods of 
Preparation of Food 

The study under discussion also included an investigation 
of the dietaries of the patients, most of whom came from small 
factories where they worked, ate and slept, few surviving 
two summers without sickening, dying or being sent back to 
their homes in the country. Their food seemed at first si.cht 
to be similar to their home diets in that they ate mainly rice, 
occasionally wheat products, vegetables, soya bean prepara- 
tions and a fittle meat and fish. But when enquiries were 
extended into the villages from which the city’s labour was 
recruited, important differences emerged. Small, occasional 
but precious, additions to the dietary made by the mother in 
the home were not included in the food provided by the city 
contractor who, in order to cater at the cheapest possible 
rate, also bought stale vegetables and inferior grades of rice. 
The rice had not only been highly milled in the first place but 
often, owing to the growth ofa mould during storage, it had 
to be re-miUed and then vigorously washed to make it fit to 
eat. This high degree of milling, combined with excessive 
washing, removed all but a small fraction of the vitamin B^ 
in the grain. In the rural areas, on the other hand, the rice 
was usually fresjily prepared from grain stored in “ paddy ” 
form, i.e. with the husk on, was home-pounded and therefore 
not highly milled, and did not need to be thoroughly washed. 
In an experiment carried through in the summer of 1937 
and only just completed at the outbreak of the Sino-Japanese 
war (Platt, 1939), it was found that, by using rice processed 
by mechanical means, but following lines similar to the 
traditional methods, the occurrence of signs and symptoms 
of beriberi could be entirely prevented. 

This experiment illustrated the importance of taking into 
account food habits and practices. Another valuable illus- 
tration is afforded in work done -on infant feeding in China 
(Platt, 1936b; Platt & Gin, 1938). A first reaction to this 
problem, in the absence of cow's milk, is to find a substitute, 
as witness the attempts to use soya bean milk with various 
additions. The Chinese in their wisdom, however, point the 
way to the most satisfactory solution by making every effort 
to ensure the supply of mother’s milk over a long period and, 
if this fails, to secure human milk by a system of wet-nursing 
which does not necessarily deprive the foster-mother’s own 
infant. 

Social Factors Revealed by an African Survey 
In 1938 1 began work as a member of the staff of the Medical 
Research Council along the lines set out in the first report of 
the Committee on Nutrition in the Colonial Empire. This 
Committee’s work may be traced back to the stimulus given 
to co-ordination of effort in health and agriculture by the 
Health Organization of the League of Nations, an account 
of which will be found in the report of the League of Nations 
Mixed Committee on Nutrition (1937). Part I of the report 
of the Committee on Nutrition in the Colonial Empire (1939) 
which, for the most part, can still be recommended for study 
and application, brings out the many-sided nature of the 
problem of nutrition under a wide variety of conditions, and 
on the recommendation of the Research Sub-Conunittee a 
combined survey was carried out in Nyasaland in 1938-40. 
This comprised four sections : (i) economic and agricultural 
survey ; (ii) dietary survey ; (iii) physical and clinical survey ; 
(iv) anthropological and social survey. Owing to the war 
the results of this investigation have not yet been published, 
but in a brief account given in an address to the Food and 
Nutrition Board at Washington in June 1943 I summarized 
some of the more interesting observations. 

One example may be given to illustrate how indirect may 
be the attack required to improve nutrition. In one village 
studied it was found that on an average every woman spent 
over 4i hours a day on four main tasks : pounding maize ; 
carrying water ; collecting and caro'ing wood ; collecting 
materials for side dishes. All this was additional to any work 
done in the fields— and it must be realized that most of the 
agricultural work is done by the women — and to time spent 
on cooking, seasonal tasks like do'ing leaves, burning plants 
for potash, pot-making, grass-cutting for thatching, and mud- 
plastering of hut walls. Any attempt to improve nutriiion 
must depend on the women who, in view of the time spent 
on such drudgeo’ as the four tasks mentioned, ha\e neither 
leisure to listen to instruction nor time to leam new wa.vs. 
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The first step, then, in improving nutrition under such 
conditions would be the introduction of, say, a small stone 
mill in the village, and possibly the training of a miller to 
prepare meal from the staple grain. At once all the women 
would have a daily average of over l-J hours to spare for new 
work. The cattle which, at the present time, are regarded 
merely as bank notes, might well be trained as draught 
animals to carry water. Trees in neighbouring tsetse fly- 
infested areas might be cut down and burned for charcoal 
to supply fuel. Opening up stream beds and conserving 
rainfall for irrigation would provide all the vegetables needed 
near at hand and save the time now spent on collecting 
greenstuff's from the bush. 

Looked at in another way, the problem studied called for 
specialization in a community whose members were all Jacks- 
of-all-trades. Such a development would involve the estab- 
lishment of secondary industries and the training of crafts- 
men. It might, therefore, be argued that the key to the 
solution is education : it might also be argued that this could 
best be done by developing the rudimentary apprentice system 
already existing, rather than by more academic methods of 
instruction. 

This brief reference will serve to indicate how far it may 
be necessary to go in seeking a solution to a problem of 
nutrition, and how important it may be to make investigations 
on a broad basis. At the time when this work was done it 
seemed as if the survey was likely to be the best means of 
determining how to achieve good nutrition in a territory. 


Planning for Nutrition 

It is true that surveys of this kind still have their place but, 
as a result of experience gained during 'the war, my view is 
that emphasis should now be placed primarily on overall 
planning on a territorial basis (Platt, 1943). 

In the first World War of 1914-1918, the Royal Society 
appointed a Food (War) Committee which examined various 
problems of nutrition and agricultural production in order to 
secure the best possible nutrition under war-time conditions. 
In the present war, in June 1940, the Lord Privy Seal, as 
Chairman of the Cabinet Committee on Food Policy, ap- 
pointed the Scientific Food Policy Committee to “ consider 
and advise upon the problems of national food requirements 
and of home food production with .special regard to the 
shipping and foreign exchange likely to be available for 
imports of food and animal feeding stuffs and the labour 
1 other resources likely to be available for home pro- 
duction” (International Labour Office, 1942). The results 
of the work of this body have not yet been published for 
security reasons, but it must be obvious that the problems 
in this war are essentially similar to those dealt with by the 
corresponding committee in the last one. The value of its 
work cannot be estimated without knowledge of it, but some 
of its fruits at the executive stage are in the hands of the 
Ministries of Food, Health, Agriculture and War Transport, 
and the report of the United Nations Conference on Food 
and Agriculture (1943a), quoting Great Britain as an example, 
stated : “ Recent experience has demonstrated how effective 
a considered food and nutrition policy, based on scientific 
knowledge and experience, can be in safeguarding the health 
of a population.” 

In drawing up a scientific food policy the following steps 
are involved : 


i. Determination of the population’s needs for health in 
terms of the more important nutrients : this includes 
knowledge of population-distribution in respect of 
infants, children, pregnant and nursing women arid 
occupational groups, with selection of appropriate 
nutrient allowances. From these data the value for the 
per-person needs of the population can be calculated. 

ii. Translation of the nutritional requirements into terms 
of foods having regard to the customary foods of the 
people and the approximate amounts in which they 


ui. 


are eaten. . i. r 

The estimation of existing food supplies both from 
home production and from imports. It may also be 
necessary at this stage to consider potential as well as 
a..ual home production, taking into account its cost 
in iciins of land and labour, and alternative sources of 
imports having regard to length of haul, etc., together 
with losses occurring in the handling and processing 
of foods, and the extent to which these might be 

reduced. 


IV. Comparison of the aggregate supply with'the estimates 
of requirements based on nutritional needs, so as to 
detect and measure the gaps between the two and to 
determine how they should be filled. 

V. Arrangements for ensuring equitable distribution of 
the supplies of food available. In addition to an 
appreciation of the nutrition problem in terms of state 
of health, and to knowledge of food habits and customs 
and agricultural practices, a full understanding of the 
methods of distribution will be necessary as a basis for 
formulating nutritional policy in such a way as to secure 
the co-operation of the people, thereby strengthening 
the community socially as well as physically. 

Soine account of the results of this work on scientific 
planning of British war-time food policy has been given else- 
where in this Bulletin* The organization behind the 
fomulation of the plans, which were carried out by the 
Ministries of Food, Healtli and Agriculture, involved the 
co-ordination of effort by statesmen at the highest level, with 
the assistance of scientific and technical advice covering a 
wide field of interests including medicine, agronomy and 
economics. In fact, .the relationship between the scientific 
advisory body and the nation’s Ministers was on a plan 
essentially similar to that described later in this essay. Much 
research work and technical investigation were undertaken in 
planning the nation’s requirements under conditions of 
restricted food supply ; one important example is to be found 
in the Medical Research Council (1940, 1941, 1943a) reports 
on the nutritive value of National Flour. Other enterprises, 
such as the production of B vitamins and protein by means 
of Torula utilis (Colonial Food 'V'east Ltd., 1944) have not, 
in fact, been undertaken in Britain during the war, but may 
well prove to be of value in dietaries in other parts of the 
world in which supplies of these nutrients are unsatisfactory. 

A considerable amount of work was carried out early in 
the war in instituting collective feeding schemes on a. sound 
basis. Developments along these lines have led to a high 
standard of catering in various branches of the Armed Forces, 
and also in the control of feeding in industry. Illustrations 
of other special problems which have resulted in new know- 
ledge and techniques are the design of compact rations for 
special troops, and guidance as to the best use of water and 
food supplies in lifeboats {Medical Research Council, 1943b). 

Food planning in the United Kingdom, both in broad 
outline and in much of its detail, has been a war-time measure 
and owes its success largely to the misfortunes of war ; will 
it be possible to extend this success into the peace? The 
United Nations Conference on Food and Agriculture (1943b) 
laid down all the plans necessary. Fundamental principles 
of food production are incorporated in such recommendations 
as the following (p. 23) : 

“ That, as a first step in overcoming the general shortage 
of food, every eflTort should be made by countries whose agri- 
culture can be expanded in the short-term period, so long as 
this is required and so far as the conditions of individual 
countries require or permit, to increase the acreage under 
crops for direct human consumption and even to hold back 
the rebuilding of depleted livestock herds — essential though 
this rebuilding will ultimately be — as well as the production of 
other crops which compete for acreage with essential foods.” 
In regard to co-ordination, the Conference recognized (p. 24) 
that “ it is essential for the preservation of life to secure, 
through equitable distribution, the maximum advantage from 
such supplies as may be made available ” ; and that the goal 
of governments and authorities should be the achievement of 
an economy of abundance. 

Plans for the future made on a world scale would, in my 
opim’on, have had a better hope of success had health as well 
as food and agriculture been taken into account. Recogni- 
tion of the problems of malnutrition has been and always 
must be the concern of the medical man. No matter how 
many steps h'e between recognition and the application of 
the remedy, the final assessment of its efficacy must again be a 
medical matter. How is this direction and co-ordination to 
be achieved ? 

The need for co-operation is summarized as follows in the 
report of the Committee on Nutrition in the Colonial Empire 
(1943, p. 168): 

■ “ A general and substantial improvement in nutrition in the 
Ckilonial Empire must depend upon the steady and c once rted 

* [see BMB 492] 
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efforts over a period of years of many Government depart- 
ments and voluntary agents. The primary responsibility 
necessarily rests with the Medical and Health Departments, 
but it is througli the efforts of the Agricultural Department, 
working in conjunction with the Veterinary Department, that 
changes and adjustments in the production of foodstuffs must 
be made. Much can be done also by the Department of 
Education in contributing to an improvement in nutritional 
conditions. The efforts of the more specialized departments 
will not achieve their full effect unless they receive the support 
and co-operation of the Administration. Of equal import- 
ance is the need for securing co-ordinaUon. Local nutrition 
committees should be capable of exercising an important in- 
fluence m this direction, and we hope that they will continue as 
active bodies, and that full use will be made of their services.” 

I think that every community that can carry a nutrition 
council should have one, and that this council should appoint 
a technical panel or team consisting of persons from the 
departments of health, agronomy, education and adminis- 
tration. All members of the panel should possess special' 
knowledge of nutrition and should have had field experience 
of both survey and development work in nutrition, in relation 
to their respective fields. It will probably be found necessary, 
in addition, to employ someone whole-time on nutrition work 
to act as co-ordinator of this body and its work, in council 
and in the field. I know of no better training for a team for 
this land of work than to undertake a year’s co-ordinated 
survey of the kind made under my direction in Nyasaland. 
By this means, I believe, the stafi" that \vill ultimately have to 
accept responsibility for the improvement of nutrition will, 
at the very outset, secure an appraisal of their nutrition 
problems w'hich, \vith occasional expert assistance and 
advice, will enable them to plan and carry out plans. Their 
eflforts should ultimately become an integral part of the routine 
work of their respective departments. 

Research in the Future 

What are the lines along which research in nutrition is 
likely to develop in the future ? First, there will be day-to- 
day problems in medicine, food technology, sociology and 
econorrucs associated with the formulation of nutrition 
policies. For example, in the Human Nutrition Research 
Unit, in food technology we have been working on a method 
of drying foodstufifs suitable for use on a small scale and in 
which food values and flavours are well conserved. In the 
medical field, work being done on the effects of nutritional 
and environmental factors on the healing of skin-wounds 
constitutes an attack on the problem of tropical ulcer. We 
have also explored the microbiology of the production Oi 
native African beers. 
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In general, however, the tendency will be for fundamental 
work on nutrition to be in the associated sciences. There is 
a great deal to be done before we understand the funnion of 
the various nutrients in the body ; no doubt in this connec- 
tion the employment of new techniques, such as the use 
of marked atoms, will prove of great value. Again, the 
exploration of microbiological processes in nutrition of man 
and animals has scarcely begun, while our knowledge of plant 
physiology and biochemistry is scarcely more than rudi- 
mentary, and advances in these sciences must precede further 
significant advances in the chemistry of foodstuffs and their 
production. There will probably prove to be an important 
relationship between nutrition and the resistance to and 
recovery from zymotic disease of all kinds— a field hardly 
recognized. The interrelationship of the utilization of 
nutrients, and the production and function of endogenous 
substances such as the hormones, should also be further 
explored. Lastly, when there is no longer work to be done 
on the pathology of malnutrition, there is a field as wide as 
physiology itself in determining the effects of the supply of 
nutrients on the integration of physiological processes. 

Conclusion 

Although this outline of past and present trends of nutri- 
tional research and practice is an expression of the personal 
viesvs and experiences of one worker, it reflects also the 
general development of the subject. At first the emphasis 
was on the study of major nutritional disorders. This 
conception of nutritional science as the identification and 
study of disease due to gross nutritional deficiency has now 
evolved through several stages to a deliberate planning of 
human society to ensure optimal nutrition. The beginnings 
of nutritional research were in medicine, agronomy, and the 
related sciences, and it seems probable that the present period 
of nutritional specialism will ultimately have served its 
purpose and will be followed by a resumption of the former 
division of responsibilities. 

The practice of. nutrition is now xmdergoing a phase of 
activity and popular interest. As newly acquired knowledge 
of microbiology at one time dominated various aspects of 
public-health work and claimed special attention in industry, 
so the practical application of nutritional knowledge is pro- 
minent in the present phase of development. In the course 
of time, however, with continued demonstration of the 
benefits which must accrue from world-wide attainment of 
good nutrition, w'th ever-widening diffusion of knowledge 
of its principles, and with trained personnel working under 
the aegis of responsible agencies, the practice of nutrition 
will in its turn cease to occupy so prominent a position and 
will emerge into the ordinary routine work of these agencies. 
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PROTEIN METABOLISM 
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The orgaruc matrix of the body is essentiallj’ protein in nature 
and protein also plays an important part in the osmotic 
rclatiotHhips of the body fluids and in the nutrition and 
regulation of the cells which these fluids. bathe. Although 


seeming to play a static role, there is nevenhc.css m thus 
matrix a dynamic equilibrium between the protein ccr.- 
stituents and the amino-acids wffich arc present m the be-y 
fluids. 
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The number of proteins is very large, yet they are all con- 
structed of relatively few units— the amino-acids— whose 
number is about equal to the letters of the alphabet, but 
whose position and preponderance in the protein varies with 
each protein and gives to it its peculiar properties. These 
amino-acids have an extraordinary facility for being joined in 
chains, as it were head to tail, by means of peptide linkages. 
These chains, and there may be as many as 16 component 
chains, seem usually to be rolled up so as to take on a globular 
or ellipsoidal shape ; exceptions are the long fibrous proteins 
like hair. 

The process of digestion provides the organism with the 
building stones — Bausteine — for the creation of its own 
tissue proteins. The products of en 2 ymic hydrolysis do not 
necessarily conform to the body’s requirements but further 
transmutations take place to meet this defect and also to 
meet the requirements of the moment. Two of these will 
first be considered. 

Protein Transmutation 

Transamination : Protein has been said to contain the 
magic of life: ever newly created, ever dying. The truth 
of this has received considerable emphasis from the work of 
the two Russian biochemists, Braunstein & Kritzman (1937). 
They described this process of “ transamination ”, which is a 
shuttle mechanism that enables the cells to change keto-acids 
to amino-acids by replacing the oxygen atom of the ketone 
with NHg transferred from the CHCNH^) of either of the 
dicarboxylic acids, aspartic or glutamic, to the CO group of 
the ketonic acid. By partial oxidation of carbohydrates, 
some at least of the keto-acids can be produced, and in the 
process of transamination we have a means by which the body 
can form a portion of its amino-acids. The muscles are 
particularly rich in the enzyme which brings this about. 
An excellent review of this special mechanism has been 
published by Cohen (1942). 

Transmethylation : It was du Vigneaud and his co-workers 
(1939, 1940) who first postulated and later gave direct proof 
that methyl groups can be transferred from methionine to 
other substances in the body. They identified choline in the 
vitamin-B complex as being capable of being formed from 
"’ethionine with the aid of methyl groups. They administered 
;thionine of which the methyl group was marked by having 
e of its hydrogen atoms replaced by deuterium. When 
is “ labelled ” methionine was fed to rats on a choline-free 
;t, choline could be isolated from their tissues with part of 
methyl groups containing the deuterium. Du Vigneaud, 
)hn. Chandler, Schenck & Simmonds (1941) also found 
it this marked methyl group could be transferred from 
oline to creatine. The methyl group of methionine could 
:refore be used by the body to synthesize two of its essential 
n-amino-nitrogenous constituents. The transfer of methyl 
groups from methionine to creatine was demonstrated by 
Borsook & Dubnoff (1940). 

The brilliant work of the late Dr. Schoenheimer and his 
colleagues over a number of years has, more than anything 
else, demonstrated the extent to which nitrogen fed in the form 
of amino-acids is synthesized into tissue proteins, both in the 
form of the fed amino-acids and of other amino-acids to 
which the nitrogen is transferred by transamination. In 
these experiments they have used heavy nitrogen (N”), 
deuterium and radioactive carbon. They have found that 
every protein in the body is continually changing and renew- 
ing its structure. By the use of these isotopes they have shed 
new light on some of the most hidden mysteries of inter- 
mediary metabolism. (In 1942 Schoenheimer and Ratner 
reviewed their work in relation to protein metabolism. 
Numerous papers from Schoenheimer’s department have 
appeared since in the Journal of Biological Chemistry,) 

In many other directions considerable progress has recently 
been made in our understanding of the physiology ^nd path- 
ology of protein metabolism. Some of these will now be 
considered. 

Protein and Amino-Acid Requirements 
The main function of protein in the diet is the provision of 
nitrogen and sulphur in the form of amino-acids for growth, 
maintenance, reproduction, lactation, repair and convales- 
cence. Some proteins are also a valuable source of phos- 
nhoriis. In recent years, with improved analytical methods, 
the centre of interest has been shifting from the proteins 
themselves to their constituent amino-acids, and the urgent 


problem in this field is the determination of the amino-aciri 
requirements for man in health and disease. / 

The task of finding which of the 22 amino-acids are indis 
pensable parts of the diet, and which the animal body can 
build for itself, has exercised the attention of many leadine 
biochemists. The names of Hopkins, Mendel, Osborne and 
Rose are especially associated with this field of work. Rose 
(1938) was able to divide the amino-acids into two' groups 
according to whether they need or need not be supplied in 
the diet of the growing rat. The amino-acids which were 
found to be indispensable in the diet were lysine, tryptophane 
phenylalanine, leucine, isoleucine, threonine, methionine’ 
valine, histidine and arginine. 

These results Rose afterwards confirmed in the dog, and 
later Bauer & Berg (1943) confirmed them in the mouse. 
The qualitative requirements having been worked outj 
further tests demonstrated the approximate percentage of 
each of these amino-acids which must be included in the diet 
to produce the maximum rate of growth of the rat. 

For the maintenance of nitrogen equilibrium, histidine 
and arginine did not appear to be essential. Methionine, if 
siib-optimal in amount, could be supplemented by cystine 
for growth-promotion, and the same relationship might exist 
between phenylalanine and tyrosine. 

Burroughs, Burroughs & Mitchell (1940) and Mitchell 
(1942), from a study of the maintenance of the adult rat, 
came to the conclusion that lysine, leucine, histidine and 
arginine were not necessary and that tyrosine could ap- 
parently replace phenylalanine. Norleucine appeared to be 
able to function by promoting the synthesis of lysine or 
leucine or both. These workers came to the conclusion that 
for maintaining nitrogen balance in the adult rat the follow- 
ing amino-acids were required ; threonine, isoleucine, leucine 
or norleucine, tryptophane, valine, and methionine. The 
authors consider that only in growth does total protein 
synthesis occur, while in the adult animal only “ particular 
requirements ” must be met. 

Within the last year or two. Rose has been able to accumu- 
late sufficient of the amino-acids found essential for the 
growing rat to make human trials possible. No one has yet 
ventured to determine the growth requirements of the child, 
but studies on adult men are now in progress. So far, it 
appears probable that what was found necessary for the rat 
will also be found qualitatively necessary for the human, and 
the non-essentiality of the 12 amino-acids which were found 
dispensable for the rat applies also in man. The essentiality 
of valine, without which there is a profound and immediate 
negative balance, methionine, threonine, leucine, isoleucine, 
and phenylalanine, have already been confirmed. Removal of 
histidine produced no disturbance of nitrogen equilibrium, 
indicating ’ its apparent non-essentiality for maintenance 
(Rose, Haines, Johnson & Warner, 1943). Albanese et al. 
(1941, 1943a, b) and Holt et al. (1941, 1942) have also studied 
the effects of the following deficiencies in man : tryptophane, 
lysine, arginine, methionine and cystine. They found that 
when arginine was removed from the diet a reduction in the 
number of spermatozoa in the seminal plasma took place. 

Madden, Carter, Kattus, Miller & Whipple (1943) have 
found that the 10 amino-acids found adequate for growth 
when tested on standardized plasma-depleted dogs produced 
new plasma protein in abundance. It was found that methio- 
nine could not be replaced by cystine rvithout affecting the 
other tissues. Although not required for m'trogen balance 
for as long as I to 2 weeks, arginine was required in the diet 
of the plasma-depleted dog for plasma-protein formation. 
It is of interest that the glycine requirements of the chick are 
so high that glycine becomes an essential amino-acid (Alm- 

quist, 1942). _ 

Attempts have recently been made to determine the speeme 
effects of single amino-acid deficiencies. The work of 
Harris, Neuberger & Sanger (1943) indicates that as the 
result of lysine deficiency cessation of growth and hypopro- 
teinaemia develop in young rats. The number of erythrocytes 
and the amount of haemoglobin per unit volume of blood 
are slightly lower than in the control animals. These changes 
are believed to indicate a retarded development of the hsmo- 
poietic system. Radiologically the deficient animals ex^ 
hibit a decrease in subcutaneous fat, muscle-wasting, and 
reduction of calcification in the bones. The epiphyseal 
cartilage in the long bones is barely visible and there is 
histological evidence of a reduction in the number of chondro- 
blasts in the first zone of proliferating cartilage. MitOsis 



appears to be reduced in the testes. This deficiency leads to a 
general inhibition of protein formation and protein is trans- 
ferred, e.g. from muscle, according to a fixed system of 
priorities'— the body-weight remaining fairly constant and 
the effect being similar to partial starvation. 

One of the difficulties in testing the effects of deficiency is 
the effect that the deficiency often has on appetite. Paired 
feeding controls eliminate this difficulty to some extent, 
although it may be argued that any decline in appetite is 
part of the symptom-complex of the deficiency. 

Albanese & Irby (1943) have brought forward some in- 
direct and not very convincing evidence that the unnatural 
(rf-) forais of certain of the amino-acids which cannot be 
utilized may have a toxic effect. Kinsey & Grant (1 944) have 
found no evidence of this in the rat, in spite of using racemic 
mixtures of isoleucine, methionine, phenylalanine, threonine, 
tryptophane and valine, and no evidence of toxicity has 
emerged from human trials. The d- and /- forms of methio- 
nine are both utilized. The metabolic fate of the unnatural 
form of the others is largely imknown, but it is generally 
believed that they are not utilizable. 

Methionine as a precursor of cystine plays a very important 
role in the formation of the scleroproteins of the epidermal 
structure and also of certain hormones, particularly insulin. 
Phenylalanine presumably furnishes the nucleus for the 
synthesis of thyroxine and of epinephrin. Arginine is con- 
sidered to supply the amidine group for the synthesis of 
creatine (Block & Schoenheimer, 1941). 

Melnick (1943) gives interesting data on the composition 
of the average daily American diet p)er capita in terms of 
essential amino-acids. As the methods of analysis for 
certain amino-acids are still very difficult and uncertain, too 
much stress should not be laid on the accuracy of these 
figures which are : lysine, 5-1 g. ; tryptophane, 1-1 g. ; 
phenylalanine,' 4-3 g. (tyrosine, 3-8 g.) ; leucine, 10-7 g. ; 
isoleucine, 3-3 g. ; threonine, 3-4'fe. ; methionine,' 2-8 g. 
(cystine, 1-2 g.) ; valine, 4-2 g. ; histidine, 1-8 g. and 
arginine, 4-8 g. This accounts for about half the total 
amino-acids in the diet. 

Block & Bolling (1944) have also discussed the amino-acid 
constitution of different proteins and their ability to furnish 
the essential amino-acids, and the following salient points 
are taken from their paper. 

Human milk proteins yield sigiuficantly more arginine, 
tryptophane and cystine plus methionine than cow’s milk. 
Hunian milk appears also to be richer in isoleucine. It is 
considered that the proteins in milk are so constituted that 
the infant can form the maximum quantity of new tissue 
from the minimal amount of ingested protein. 

It is suggested that the best way to enable the organism to 
replenish its blood proteins after extensive loss would be to 
supply histidine, lysine and threonine, as they are high in 
blood proteins when calculated on the basis of two-thirds 
hamoglobin to one-third serum proteins. Blood proteiiis 
have low contents of cystine, methionine, and isoleucine. 

Egg proteins are decidedly higher in arginine and the 
S-amino-acids than milk and blood. The formation of these 
proteins is probably concerned with the high requirement of 
the growing chick for these amino-acids. 

There do not seem to be any marked differences between 
the meat- and fish-muscle proteins, with the possible exception 
of the lysine content, which may be significantly higher in 
meat proteins. Meat yields more lysine but less tryptophane 
and cystine than does egg. The small quantity of these last 
two amno-acids in meat proteins may account for their lower 
nutritive value as compared with egg proteins. Meat is a 
supenor source of ar^nine, methionine and probably cystine 
but inferior as a source of the aromatic acids. Gelatin is 
deficient in, or almost devoid of, histidine, tyrosine, trypto- 
phane, phenylalanine, cystine, methionine, threonine, leucine, 
isoleucine and valine. 

Maize (com) proteins may be richer in tyrosine,, methio- 
nme, leucine and valine but poorer in tryptophane and 
possibly in phenylalanine than those of wheat. With regard 
proteins of the germ or embryo, those of maize appear 
o be a better source of all the aromatic amino-acids as well 
as of those of the leucine group. Both maize- and wheat- 
grown proteins are well balanced with respect to their essen- 


lyroiine 9^^ cssOTtial amino-add &om which the body can form 

synthtsh-fthiP« ^ required for certain specific purpose*— e.g. thyroxine 
pheaylalacs^-T <^ctary tyrosine reduces the dietary requirement of 

•*.c. 1 tjcrc IS a aimflar relation between methionine and cystme.) 


tial amino-acids and compare favourably with the common 
proteins of animal origin. The nutritive values of milk and 
maize proteins are approximately equivalent for purposes of 
growth, and the addition of either to the proteins of refined 
wheat fiour resulted in a marked increase in the growth- 
promoting ability of the diet. Maize gluten yields less histi- 
dine, lysine, tryptophane, and glycine, but more tyrosine, 
methionine, leucine, isoleucine, and valine, than wheat 
gluten. The easiest way to improve the nutritive value of 
wheat gluten is to incorporate lysine or a lysine-concentrate 
into the flour. 


Cottonseed, linseed, and peanut yield adequate quantities 
of arginine and histidine, but only one-third to one-half of 
the lysine furnished by most edible animal proteins. Linseed 
meal appears to be rich in tryptophane, being equal to or 
apparently better than milk. Cottonseed and peanut 
proteins are rather low in methionine and threom'ne, but 
higher in valine than any natural food considered in the 
paper under discussion. 

Although yeasts appear to furnish proteins superior even 
to soya beans, the balance of the essential amino-acids in 
both these foodstuffs is generally satisfactory, except for the 
mild deficiency in methionine. By the inclusion of whole 
com or com gluten in the diet, or possibly the addition of a 
small quantity of cystine, this lack can be corrected, as the 
ledthin present in whole soya beans should proride an 
ample quantity of methyl groups in the form of choline. 

Meats and fish furnish half the lysine intake even though 
they account for only 38 % of the total protein. Meats and 
fish are also superior sources of arginine and threonine. The 
presence of collagen in meat will tend to decrease cystirle, 
methionine, tyrosine, tryptophane and threonine, and 
increase arginine and especially glycine. 

If the freely selected mixed ffiet in America during 1937-41 
be taken as representing a suitable intake of amino-acids, 
then eggs are the only single article of diet which supply the 
essential amino-acids in truly balanced proportions. 

It does not appear that soya beans, peanuts, etc. can fill 
the void created by the marked deficiency in lysine of the 
cereal grains. Although cereals are consumed to the extent 
of 27 % of the total protein of the diet they furnish only 
10 % of the lysine. 

Studies on a low economic group made in Spain (Robin- 
son, Janney & Grande Corian, 1941) have shown that in 
spite of an apparently adequate intake of total protein 
(66 i 2-7 g. per day) and of iron (11-4 ^043 mg. per 
day), one-sixth of the group exhibited dyscrasias which 
may possibly have been directly attributable to a deficient 
consumption of lysine since the intake of animal protein 
was 22 ±1’7 g. . 

If the sole source of energy and protein were bread, it 
would be necessary to consume approximately 6^ pounds 
[about 3 kg.] daily for optimal amino-acid intake. How- 
ever, if either (o) 2 g. lysine per 100 g. protein is added to 
bread made with 6i % milk solids, or (6) 3 g. lysine per 100 g. 
protein is added to bread wthout milk solids, the average 
daily requirement for the essential amino-acids would be 
met by consumption of only 108 g. protein in the form of 
approximately 3,600 calories (equivalent to slightly more 

than 2i pounds of bread). . . .u 

A few years before the war Boas Fixsen (1935) revie\yed the 
whole field of the bfclogical values of proteins. During the 
war, British work on this subject has naturally turned to the 
proteins of wheat flour submitted to different degrees of 
extraction and also to previously unexplored soun» of 
protein, in the hope that some unusual protein of high bi^ 
logical value might come to light wlu'ch would rompensate 
for the shrinkage in animal protein which appeared imminent. 

Chick (1942) found that the proteins of National Wheat- 
777eo/(85%-extraction) flour had an advantage over the Pro'f‘“ 
of white flour (75 % extraction) of 13 % to 16 /S extraction, 
and that the biological value of the proteins of^vhole wh^ 
meal was even higher, namely 17 % to 26 %. 
coeffidents of digestibility of the proteins of '^holem^l ai^ 
National WheatmealRoMx% were lower than that of 
by 6% and 3% respectively, losses ^ete mor^th_n 

compensated by the greater nutntiNe value of thes. 

It has recently been found that the non-protem 
constituents of expressed potaro juice ' j Iq 

stance(s) which so complement the 
of the potato as to produce a mixt^ 
equal to that of the protein itself (Chick & Cutung. L -). 
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Pine (1942) has suggested that under certain circumstances, 
the conversion of part of the protein of leaves into human food 
could be more effectively performed by industrial chemical 
methods and equipment than through the ruminant. Although 
adequate feeding experiments with leaf proteins have not yet 
been made, the available data on amino-acid composition 
and early feeding experiments with dried leaves suggest that 
such a protein is of high biological value. Grass, lucerne 
and cabbage are considered the best sources. It is estimated 
that 200 pounds [about 90 -kg.] of leaf-protein N could be 
harvested from one acre [about 4,000 m.^] each year, and 
Pirie has suggested that research should be devoted to the 
maintenance of a supply of leaf material of high N content 
during several months of the year, and to the design of a 
suitable macerating plant. 

As revealed by the Report on Food Consumption Levels, 
the protein available per head per day of the civUian popula- 
tion in the United Kingdom did not fall below 80 g. (36 g. 
animal) even in 1940 (Ministry of Food; 1944). 

Interest has been developing in the determination of the 
biological values of the proteins of a mixed dietary and 
Macrae, Henry & Kon (1943) have recently determined the 
biological value of the mixed proteins of the diet served at 
four Royal Air Force stations, as determined by Mitchell’s 
method. They found values of 11 '1 to 81*2 — which are 
surpassed only by the proteins of eggs and milk. This 
observation indicates that the process of amino-acid sup- 
plementation which takes place in a normal diet is effective 
in compensating for the varying deficiencies of the individual 
proteins composing it. 

Even non-essential amino-acids and incomplete proteins 
have a nutritional value, and the latter may supplement the 
value of proteins of higher biological efficiency than they 
themselves possess. Although much work still remains to 
be done in assessing the biological values of the mbced pro- 
teins of different protein-containing foodstuffs, more attention 
must be directed to determining the amino-acid composition 
of these proteins. Once this4s accomplished and our require- 
ments for the essential amino-acids are known, it will be 
possible to predict the biological value of a protein or mixture 
of proteins from its amino-acid constitution. 

Microbiological assay methods for amino-acids : The dis- 
• very by Mueller & Cohen (1937) that p-alanine is an 
■-> growth ■ factor for the diphtheria bacillus has pro- 
vided a microbiological assay method for this compound. 
Recently a number of papers have appeared dealing with the 
microbiological determination of amino-acids using cultures 
of Lactobacillus arabinosiis (Kuiken, Norman, Lyman & 
Hale, 1943; Shankman, Duiui & Rubin, 1943a, 1943b; 
McMahan & Snell, 1944) and of Lactobacillus casei (Shank- 
man, Dunn & Rubin, 1943b; McMahan & Snell, 1944), 
By omitting one of the amino-acids essenu’al for the growth 
of these organisms, a medium for the estimation of that par- 
ticular amino-acid is prepared, titration of the amount of 
lactic acid formed in the test culture being indicative of the 
amino-acid which is present in the unknown. This method 
is useful for estimating the presence of some 1 1 amino-acids 
in hydrolysates from les^s than 1 nig. protein, including 
valine, leucine and isoleucine, which are difficult to estimate 
chemically. 

Protein in relation to mineral metmbolism : McCance, 
Widdowson & Lehmann (1942) have recently reported studies 
which show that in the adult subject periods of high protein 
intake induced high net absorptions of calcium and high 
urinary calcium outputs. The retentions of magnesium were 
greater in the high protein period and again there was a higher 
urinary output as compared with a low protein diet. There 
was also evidence of a slight beneficial effect on phosphorus 
but little effect on iron absorption. It is suggested by the 
authors that very little calcium would be absorbed if the diet 
contained no protein or amino-acids. 

Linneweh & Shobin (1940) found evidence in plasma- 
depleted dogs that there occurred a definite, simultaneous, 
and parallel reduction in total protein, albumin and globulin 
and in the total and ultrafiltrable calciuni. After intravenous 
administration of calcium, either the serum calcium and the 
protein levels were raised or the faU was prevented, again in 
parallel. In cases of hunger-oedema, eczema and severe 
anaemia studied, the calcium level of the blood rose with the 
protein level. These workers therefore concluded that the 
calcium level of the blood is not entirely regulated by hor- 


mones or vitamins, but that it is, partially at least, a function 
of the protein level. 

Quantitative requirements of protein : For the more quanti- 
tative aspects of protein nutrition the reader is referred to 
the reviews which appeared in Nutrition Abstracts and Reviews 
dunng the period 1936-40, by Garry & Stiven (1936) on the 
requirements in pregnancy and lactation, by Leitch & Duck- 
worth (1937) on the determination of the protein requirement 
and by Cuthbertson (1940) on the quality and quantity of 
protein in relation to health and disease. Since its inception 
in 1932 there have been admirable summaries on the bio- 
chermstry of the proteins and the amino-acids, and also on 
nutrition, in Annual Review of Biochemistry. 

In 1941 the Committfee on Food and Nutn'tion of the U,S.A, 
National Research Council recommended daily allowances 
of protein according to age, sex and level of activity. The 
writer has revised these in terms to suit the dietary habits in 
the United Kingdom (Cuthbertson, 1944a) [see table]. 

TABLE 


Comparison of American Allowances of Calories and 
Protein (N.R.C. Standards) with Values Revised to 
Suit Dietary Habits in the United Kingdom 



American allowances 

Revised (net values) 

calor- 

ies 

pro- 

tein 

g. 

%of 

calories 

derived 

from 

protein 

calor- 

ies 

pro- 

tein 

g- 

i 

%of 

calories 

derived 

from 

protein 

Man 

70 kg. 

61kg. 

moderately active 

3000 

70 

9-6' 

2900 

75 1 

10-6 

very active 

4500 

70 

6-4 

4200 

110 

10-7 

sedentary 

2500 

70 

11-5 

2400 

65 

IM 

Woman (56 kg.) 



j 




moderately active 

2500 

60 

9-8 

2500 

65 

10-7 

very active 

3000 

60 

8-2 

3200 

80 

10-3 

sedentary 

2100 

60 

11-7 

2100 

55 

10-7 

Pregnancy (latter half) 

2500 

85 

13-9 

2500 

75 

12 3 

Lactation 

3000 

100 

13-7 

3000 

95 

13-0 

Children up to 12 years 







1 to 3 years 

1200 

40 

13-7 

1200 

40 

13-7 

4 to 6 years 

1600 

50 

12-8 

1600 

50 

12-8 

7 to 9 years 

2000 

60 

12-3 

2000 

65 

13-3 

10 to 12 years 

2500 

70 

11-5 

2500 

80 

13-1 

Children over 12 years 




j 



..jl3-15yeaTS 

2800 

80 

11-7 

2800 

90 

13-2 

16-20 years 

2400 

75 

12-8 

2400 

70 

12-0 

13-15 years 

3200 

85 

10-9 

3200 

100 

12-8 

16-20 years 

3800 

1 

100 

10-8 

3800 

110 

1F9 


Protein Intake in Relation to Energy Expenditure, 
Muscle Work, Physique and Resistance to Disease 

Energy expenditure : The present writer, as the result of an 
earlier survey of the literafure (Cuthbertson, 1940), came to the 
folIoNving conclusions : 

i. In its capacity to supply energy, protein is apparently 
no more useful than carbohydrate or fat, except by virtue of 
its specific dynamic action which makes it particularly suitable 
for those exposed to cold. This action, and other evidence as 
to the economic bodily use and storage of protein, stron^y 
suggest that the digestion of protein should not be dissociated 
in time from the digesfion of carbohydrate. The more 
perfectly balanced a diet, the greater is the efficiency with 
which protein is utilized and the less will be the wastage as 
heat. 

ii. Man can apparently adjust himself to greatly vai^g 

levels of protein intake, and the protein may be excteively 
animal or vegetable in origin, or of any intermediate mixwre, 
no deleterious effects resulting from either extreme, provided 
the process of amino-acid supplementation is effective to 
cover the requirements of the individual essential amino-aads, 
and the total intake is adequate. _ 

iii. The level of protein intake for any particular popm- 
tion,' when; expressed as a percentage of the total calones. 
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tends to remain constant at all grades of muscular activity 
with, perhaps, the exception of athletes training for specid 
events, who in general select diets containing a higher pro- 
portion of protein, chiefly of animal origin. It is not clear 
what purpose this increased protein intake serves. Unless 
the diet contains a very high proportion of sugar, highly 
processed cereals, and fat, it is difficult to plan a diet pro- 
viding less than 10 % of its calories as protein. Most diets, 
with the exception of those of some highly carnivorous races 
and tribes, have 10-14 % of their calories as protein. 

iv. In general, it may be said that whenever and wherever 
economic circumstances permit, man elects to raise his intake 
of animal protein to the region of 60 % of the total protein. 

How’e has recently (1942) provided details of the optimal 
dietaries planned for the U.S. soldier in training. These 
contain 120 g. protein and some 4,000 or more calories. 
This protein value works out at_ 12 % of the calories. 

Muscle work : On the difficult question of the role of pro- 
tein in muscle work, Gemmill (1942) has concluded from his 
survey of relevant literature that the use of carbohydrate is 
of primary importance, but that long-continued work pro- 
duces an increase in the output of nitrogen in the urine 
which, however, bears no direct relationship to the work 
done. It is postulated that when exercise reduces the carbo- 
hydrate supply of the body, extra protein is deaminized to 
supply carbohydrate or carbohydrate intermediates. The 
evidence for tlWs assumption is based on the observation 
that ingestion of carbohydrate abolishes the increment of 
nitrogen output. This viewpoint is in agreement with the 
earlier evidence of the present \vriter and his colleagues 
(Cuthbertson, McGirr & Miinro. 1937). 

Resistance to fatigue : The history of the use of glycine 
and gelatin (which contains 25 % glycine) in the treatment of 
muscular dystrophy and in relation to resistance to fatigue 
has recently been reviewed by Kin^ McCaleb, Kermedy & 
Klumpp (1942), Beard (1943) and Keys (1943). The evidence 
is very conflicting and the case for glycine, on the balance of 
evidence, is “ not proven.” Beard believes that to demon- 
strate the effect of glycine it must be ^ven in adequate 
amoimts, e.g. 12 g. per day on a normal or high protein diet, 
and must be ^ven for well over three weeks, as he found that 
tile first increases occur after that period. He considers that 
if enhanced muscular performance has already occurred as a 
result of training, it is impossible to expect any additional 
substance to increase the work output. 

Physique : From a survey of the diets of the peoples of the 
earth, it appears, in generaJ, that those races having a fairly 
high protein intake, especially animal protein, are more 
vinle, robust and energetic and have better physiques. It 
also appears that there is less active tuberculosis in races or 
^oups with such a diet, but it is not proved that the 
increased resistance or physical well-being is due to protein 
itself or to an accompanying superior diet (Cuthbertson, 
1940). 

Immunity : In the field of immunity the evidence is fairly 
conclusive that an antibody is a molecule of globulin which, 
during synthesis, has been specifically modified Under the 
influence of antigen. By the use of isotopic amino-acids it 
was found that the uptake of dietary nitrogen which accom- 
panies body-protein synthesis, through amino-acid replace- 
ment and nitrogen transfer among individual arnino-acids, 
was also shared by the antibody protein which is formed 
when isotopic amino-’acids are administered to actively 
immune rats and rabbits (Schoenheimer et ah, 1942b). Anti- 
body formation during active immunity appears to be a 
continuous process of production and shares in “ labelled ” 
N*' which has been added to the diet. On the other hand, 
passive Mtibody formation during passive immunity appiears 
to have little relation to dietary N (Heidelberger et al., 1942). 

How far the^ antibody formation plays a really significant 
role as a competitor for the available amino-acids in protein 
under-nutrition is perhaps difficult to conceive, as the total 
amount required in proportion to the tissue proteins must be 
^ery small indeed. Nevertheless, probably just because there 
IS so much competition for the available amino-acids in 
the mdei;-nourished subject, antibody formation may share 
in ffie general restriction in protein anabolism. 

Attention may also be drawn to the well-known tendency 
0 marMiTuc infants to die of intercurrent infection, the great 
susrepubility of patients with nutritional oedema to respira- 

i> and other infection, the terminal infections in malignant 


renal or hepatic diseases, and the general rise in death rates 
from tuberculosis and other infectious diseases in war time. 
The concomitant occurrence of hypoproteinsmia and an 
increased susceptibility to infection suggests the possibility of 
a mutual relationship. Animals made hypoproteinsmic 
manifest a definite loss of ability to produce antibodies of 
several kinds (agglutinins, precipitins, hasmolysins). The loss 
of acquired immunity is manifested particularly in diseases 
characterized by a marked protein deficiency. This aspect 
of the literature has recently been reviewed by Garmon (1944). 

Nuclear and Cytoplasmic Proteins 

The recent work on the importance of the nucleic acids 
and nucleoproteins in animal tissues, particularly in connec- 
tion with cellular activity, has suggested that nucleoproteins 
contaim’ng pentose nucleic acids (“ ribonucleoproteins ”) 
play a special role in protein synthesis and tissue growth. 
It is now known that the nucleoproteins containing these 
nucleic acids are constituents of many self-reproducing 
filterable viruses, and they appear to be abundant in the 
rapidly growing cells of embryos, tumours, and regenerating 
tissues.' Mirsky (1943) and Davidson AWayinouth (1944c), 
who themselves have contributed much of value in this field, 
have recently reviewed the evidence for the essential role 
of nucleic acids in nuclear structure and for the association 
of nucleoprotein and nucleic acids with the processes of 
growth. The evidence suggests that rapidly-growing em- 
bryonic tissues are characterized by both a high nuclear 
desoxyribopolynucleotide content and a 'high cytoplasmic 
ribopolynucleotide content (Davidson & Waymouth, 1943 ; 
1944a; 1944b). 

A new conception of the chemistry of the nucleus has been 
opened by the discovery of a new nuclear protein “ chromo- 
somin ” by Stedman & Stedman (1943a, 1943b, 1943c, 1944). 
This protein has predominantly acidic properties and is 
beh'eved to be one of the principal components of the chromo- 
somes. 


Protein in Relation to the Function of Organs 


Kidney : While over-eating in general seems definitely to 
be connected with arterial hypertension, there appears to be 
no real evidence for the belief that high-protein diets lead to 
nephritis and hypertension. Indeed, the general trend of 
work is to show the beneficial effects in some types of nephritis, 
particularly where oedema is present, and also in the toxsemias 
of pregnancy, of diets containing considerable amounts of 
protein daily. This high protein intake has a diuretic effect 
due to the amount of urea formed, and this assists in bringing 
oedema under control (Cuthbertson, 1940). 

Recently attempts to test the effect of a high-protein 
diet on the organism with impaired renal efficiency, have 
been made on the dog by Philipsborn, Katz & Rodbard (1941). 
They found that no rise in blood-pressure resulted from the 
imposition of a high-protein diet in dogs with normal blood- 
pressure but with their renal arteries subjected to temporary 
total or chronic partial occlusion. Again, in animals \vith 
moderate hypertension and sUght renal insufficiency, no rise 
was noted. It was only in some of the animals with moderate 
renal insufficiency and frank hyjjertension that an effect was 
observed. Guerrant, Scott & Wood (1943) also found that 
no consistent rise or fall in systolic or diastolic blood-pressure 
occurred in normal dogs, or in hypertensive dogs fed on a 
high-protein diet of lean raw meat for long or short periods, 
the hypertension being produced by partial occlusion of 


one then the other of the renal artenes. 

; has now been found that urinary protein is either 
rely serum albumin or a mixture represented by the 
unin : globulin ratio as found in the urine. The urinary 
ein of a nephritic was not altered by changing from an 
■free to an egg diet (Murrill, Block & Newburgh, 1940). 
i Bright’s disease, two changes of plasma amino-acid 
tent in opposite directions have been noted in Van Sl>ke s 
iratory (Van Slyke, 1942). One of them was discovered 
fCirk in patients in or near uramic coma, 'pe plasma 
no-acid level in some of these patients rose in a ay or 
from little above the normal level to six- or eig 
auch. If recovery occurred, the plasma amino-aci 
as quickly to normal. How far the sudden i^ 
n accelerated tissue-breakdown accompanie ■ - 

:ous failure of the liver to d^minize is a m-ttcr for 

lecture, as the w found 

1 the ODDosite direction, Farr Ma > 
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that the plasma amino-acid level was below normal in the 
nephrotic type of Bright’s disease and that recovery corre- 
sponded to a rise to norma! levels. Acute clinical manifesta- 
tions, “nephrotic crises,” became apparent when the level 
fell to 2-5 mg. or lower per 100 ml. When 33-57 % of the 
dietary nitrogen of nephrotic children was replaced by a 
casein hydrolysate given intravenously, neither the course of 
the nephrotic disease nor its ultimate outcome was affected. 
For this reason the use of such a hydrolysate to treat the 
hypoproteintemia of the nephrotic is not advocated by the 
authors. It is believed, however, that a positive blood- 
stream infection in nephrotic patients is a definite indication 
for intravenous amino-acid therapy. 

It is not proposed to discuss here the rather academic 
researches which relate kidney hypertrophy to the presence 
of the excess of certain amino-acids in the diet. 

Liver : A discussion on the relation of the liver to protein 
metabolism would occupy a monograph by itself. There 
are, however, certain aspects which are worth noting in 
passing. The first relates to the inter-relationship. of certain 
amino-acids to the nutritive condition of the liver, methionine 
and cysteine in particular. 

Miller & Whipple (1942) have recently demonstrated in the 
protein-depleted dog that methionine, if given shortly before 
chloroform anesthesia, provides complete protection against 
hepatic damage, and that this amino-acid, or cysteine -{- 
choline, gives significant protection even if administered 3 
to 4 hours after chloroform anesthesia. After 4 hours no 
protection was provided. Choline itself did not give pro- 
tection beforehand. The livers of these protein-depleted 
animals were deficient in both N and S, the latter in particular. 
Administration of methionine or cystine promptly made good 
this deficit. 

These investigators, on the basis of this protective action 
of methionine (e.g. casein), or of various proteins by mouth 
or vein, suggest their use as therapeutic agents where there 
is any type of damage to the liver or other organs. Methio- 
nine in solution can be administered parenterally or with 
glucose, without any unfavourable reaction in man and 
animals. It had previously been suggested by Miller, Ross 
& Whipple (1940) that chloroform, by combining wth the 
sulphydryl groups, may inactivate enzyme systems unless 
there is an adequate reserve of these groups. 

Supplements of methionine, cystine or cysteine, especially 
le last, largely prevented the marked inhibition of growth 
in young rats fed on an 18 % casein diet containing 0-12% 
cobaltous sulphate. The high mortality due to oral or 
intraperitoneal administration of very toxic levels of cobalt 
or nickel was also prevented by the simultaneous and separate 
administration of cysteine. The complex formed between 
cobalt and cysteine in vitro was relatively non-toxic, suggesting 
that cobalt poisoning is due to the fixation and loss of sulphy- 
dryl compounds in the tissues. 

Messinger & Hawkins (1940) found that protein was the 
most effective dietary principle in protecting dogs against 
arsphenamine liver injury. On a protein diet the damage 
was trivial and was rapidly repaired. Carbohydrate was 
not uniformly so successful: fat was definitely deleterious 
to the dogs. 

Probably even more important than its effect on suscepti- 
bility to known toxic agents, is the direct necrotizing effect 
on the liver of methionine deficiency alone. Depending 
upon the degree of the deficiency, changes in the rat’s liver 
ranging from fatal acute yellow atrophy to a variety of 
chronic hepatic cirrhosis have been produced by Himsworth 
& Glynn (1944) in animals given a low-protein diet. The 
determining factor is the amount, quality and quantity of 
protein eaten. Casein, even in small amounts, protects 
against the lesion, while yeast protein even in liberal amounts 
fails to protect. These investigators have found that com- 
plete protection can be provided by methionine— an amino- 
acid in which casein is particularly rich. They put forward 
reasons for believing that, in man, massive hepatic necrosis 
and its sequel nodular hyperplasia may be attributed to a 
trophopathic hepatitis, and that, whatever the nature of the 
primary illness, this massive hepatic necrosis is to be regarded 
as a copditioned deficiency disease. The action of many so- 
called liver poisons, e.g. trinitrotoluol, cinchophen and 
neoarsphenamine, is believed to be brought about by their 
interference with methionine-in the body. 

Beattie & MarshaU (1944) have published their prehminaiy 
results based on a study of 450 cases of infective hepatitis 


and post-arsphenamine ” jaundice. These would appear 
to indicate a beneficial effect of the methionine and of casein 
digests rich in methionine. “In gravely ill patients, the 
results obtained by methionine treatment have been so 
striking as to leave no doubt as to the efficiency of the treat- 
ment, especially in those cases which have remained jaundiced 
for weeks or months and were in a state of icterus gravis 
when methionine was initiated.” The addition of cystine 
is believed by the authors to. spare the methionine. That 
caution should be exercised before accepting their findings 
as revolutionizing treatment is evidenced by the note by 
Peters, Thompson, King, Williams & Nicol (1944), which 
appeared shortly after Beattie & Marshall’s report. Peters 
et al. have now studied more than 450 cases of “post- 
arsphenamine” jaundice and have found that methionine 
and also cystine had a significant but not remarkable effect 
on the course of the jaundice. Casein, equivalent in methio- 
nine content to that administered separately, was found to 
have no action. This could not be explained. While it is 
quite conceivable that there may be a fixation of arsenic 
through sulphydryl compounds, there is as yet no reason to 
believe that these compounds should be of benefit in infective 
hepatitis, the aetiology of which is completely unknown. 

Choline prevents and cures fatty liver in rats and for this 
reason was called a “ lipotropic ” substance. Deficieno^ of 
choline appears to lead to a deficiency of the compounds 
concerned in lipid transport, and renal haemorrhage may 
occur at a critical period when there is an acute shortage of 
essential cellular materials. Betaine, methionine and other 
substances may also be regarded as lipotropic. For diets 
free of choline, betaine, methionine and other Upotropic 
factors, it is suggested that the term “ aUpotropic ” should 
be used, and for the effects of cystine, cholesterol and other 
substances with similar action in this sense it is considered 
that the term “ antilipotropic ” would be appropriate. 

Recent work on arsenocholine has shown that this com- 
poimd behaves in a similar fashion to choline in its lipotropic 
action and in preventing and curing acute hffimorrhagic 
effects. Arsenocholine appears to be utilized intact in the 
biosynthesis of lecithin. It is completely inactive as a 
methyl donor, and this suggests that choline exerts its effects 
through reactions involving the intact molecule. Previous 
theories on the lipotropic activity of choline, betaine and 
methionine had been based on their possession of a labile 
methyl group. By using radio-active phosphorus and heavy 
nitrogen it has been shown that choline and other lipotropic 
factors accelerate the elimination of phospholipids in the 
liver and other tissues ; the most active seat of change being 
the former. 

Ethanolamine is the generally accepted precursor of choline. 
The choline content of the body is dependent to a limited 
extent only upon the amount of choline in the diet, the level 
being maintained by methylation. The source of liver fat 
in the alipotropic diets appears to be mainly dietary fat or 
dietary carbohydrate. 

The anti-hEemorrhagic action of choline, betaine and 
methionine seems to parallel their lipotropic effect. Cystine 
and cholesterol may counteract both effects. The rate of 
phospholipid turnover in the kidney is accelerated by choline 
but to a less extent than occurs in the liver. The anti- 
htEmorrhagic action is probably general but varies in degree 
with the different tissues. 

Choline naturally promotes the ^owth of young rats 
subsisting on a relatively ah'potro^ic diet. It can also 
accelerate growth when added to an alipotropic diet con- 
taining homocystine. The latter is neither lipotropic nor 
growth-promoting. Methionine is produced from homo- 
cystine by utilization of the methyl groups of choline. Homo- 
cystine, however, is not a natural product. 

The literature on this subject is considerable but has been 
reviewed by Best & Lucas (1943) who hold that some inter- 
national group should decide whether to call choline simply 
a dietary factor (as the authors term it), or a vitamm (as 
Gyorgy would term it), or a vitagen (according to Rosen- 
berg). From the metabolic aspect it would appear appro- 
priate to group it with the B-complex. 

Hemoglobin and the Plasma Proteins 

It is well known that hemoglobin production in anemia 
can be controlled by diet— more specifically that iVon and 
protein stores or intakes are essential factors. Hahn & 
Whipple (1939) have clearly demonstrated that, by limiting 
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the protein intake in antemia, ha:moglobin production can 
be reduced. When the erythrocyte and its contents disin- 
tegrate, much of the globin is saved and is probably used 
again to form new haemoglobin or to supply some other 
protein needs of the body. Haemoglobin production is 
modified by infection and to some extent in the later stages 
of nephritis (Whipple, 1942). Robscheit-Robbins, Madden, 
Rowe, Turner & Whipple (1940) have found that in dogs 
given abundant iron, but bled almost daily to maintain an 
anaemia level of about one-third normal, two to three times 
as much haemoglobin was produced as plasma proteins even 
when the stimulus was apparently maximal. 

The source, production and utiIi 2 ation of the proteins of 
the plasma were reviewed in 1940 by Madden & \\%ipple and 
again in 1942 by Whipple. The evidence is clear that the 
liver is of primary, importance in the production of plasma 
proteins, although some globulin may be produced elsewhere : 
there is in fact evidence that fibrinogen is wholly dependent 
upon liver function. 

Per unit of protein fed, beef serum tvill favour the produc- 
tion of three times as much plasma protein as beef heart, and 
more than five times as much as beef stomach ; there is thus a 
qualitative as well as a quantitative aspect to the influence of 
food protein. Casein and lactalbumin have also been re- 
ported by some as having high potencies ; low potencies are 
recorded for spleen, erythrocytes, brain, canned salmon, 
gelatin, pancreas, kitoey and 2 ein. 

Animal protein is twice as effective as vegetable in combat- 
ing oedema and hypoproteinsemia. For albumin production, 
it is unsafe to make sweeping assertions concerning the group)- 
superiority of animal or of plant proteins. However, certain 
plant proteins, e.g. rice and potato, appear to favour a low 
albumin : globulin ratio, and are favourable for the pro- 
duction of globulins when compared with certain standard 
animal proteins. The body appears to use both albumin and 
globulin at about the same rate to cafry on its normal internal 
protein metabolism. Under the condition of plasmapheresis 
there are indications that globulin formation is directly 
dependent on the diet. Cystine, tmder certain conditions, 
appears to act as a key amino-acid in plasma-protein 
regeneration. Methionine is not apparently an efficient 
substitute for it. Parenteral liver extract and iron are 
ineffective in regeneration in hypoproteinsmic dogs. 

There is considerable evidence that a reserve of plasma- 
protein-building material exists in the organism and may be 
supposed to be part of the body stores. In the utilization 
of the reserve store for general N requirements or for plasma- 
protein formation, a large bulk of the store is used early and 
rapidly. The “ labile ” portion may be regarded as merely 
that portion of the reserve store which is mobilized first and 
fastest. The greater bulk of this reserve is not stored as 
plasma protein, nor as material more easily converted into 
plasma protein than orally ingested protein. The store 
yields albumin on depletion in slightly more abundance than 
globulin. The reserve store of protein may be regarded as 
all protein which may be given up by an organ or tissue under 
uniform conditions without interfering wth organ- or body- 
function. 

Sachar, Horvitz & Elman (1942) have shown in dogs that 
there is apparently a constant relationship or partition in the 
loss (or gain) between plasma-albumin and ffie total body- 
protein induced by diet, and that this relationship is of the 
order of 1 to about 30. Thus, for every g. of increase in 
Mrum albumin desired, about 30 g. must be retained for 
mcreasK in other proteins of the body. These workers stress 
that this relationship applies only to alterations induced by 
ffietaiy changes and cannot be expected to hold in cases of 
hypoproteinasmia due to blood loss, bums, nephrosis or 
liver disease. 

Further, owing to dehydration and consequent blood con- 
centration, the serum-albumin concentration may not reflect 
the hypoalbumincemia of depleted patients; This is an im- 
portant point which is frequently neglected. It was also 
found that when dogs rendered hypoalbuminasmic by a 
three \\eeks’ fast were fed meat ad libitum the albumin 
appeared to reach a static level more rapidly than did the 
globulin. 

&hoenhetmer ef al. (1942a), by the use of isotopic amino- 
acids fed to rats, have found that the plasma proteins share 
m the metabolic reactions involving the incorporation of 
ctary nitrogen, that the various fractions share to about 
an equal e.\tent, and that the rate of the process is appro.xi- 


mately the same as that found in the kidney, liver and intes- 
tinal tract of the same animal. Parallel investigations on 
the erythrocytes showed that both the protein and the por- 
phyrin of the htemoglobin had a lower “ chemical activity ” 
than the plasma proteins. It may be that the anEemia which 
is a frequent consequence of severe injuries is due, in part, to 
the lower competition-factor which hasmoglobin and/or the 
erythrocytes seem to possess in comparison with the plasma 
proteins. 

The plasma-protein-forming mechanism is disturbed by 
the complicated body reaction to infection. Prolonged hypo- 
proteinsmia per se causes no damage to the protein-forming 
mechanism. A steady state of “ebb and flow” exists 
between the plasma protein and the cell- and tissue-protein. 
The ultimate source of the construction-materials is food 
protein, furnishing amino-acids which are synthesized in the 
liver cells (and elsewhere) into plasma proteins. This same 
influx of amino-acids and /cr plasma proteins, supports protein 
formation throughout the body. A part of the body protein 
forms a reserve against adversity in the sense that it can be 
depleted without obvious injury to the body. It has been 
termed “ the bulwark against irfection ”. 

Elman (1943), Wilensky (1944) and others have also re- 
viewed the subject, more especially from the clinical view- 
point. Deficiency of plasma protein (hypoproteinEemia), 
including lessening of the normal reserve, occurs in conditions 
-of deficient food intake (hunger-oedema), or of digestive 
capacity or absorption. It is frequent in bleeding peptic 
ulcer, carcinoma of the alimentary canal, intestinal obstruc- 
tion and in patients with intestinal fistul®. It is also found 
in liver diseases, and in forms of traumatic, toxic or chemical 
injury to the liver. In severe thyrotoxic disease, there is, in 
addition to the increased catabolism of protein, an associated 
parenchymal lesion of the liver. Hypoproteinaemia occurs 
also in renal conditions where albu min uria is an important 
factor. In certain severe conditions accompanied by ex- 
cessive loss of nitrogen due to abnormal destruction of tissue, 
there are large losses of nitrogen in the urine, and the tissue 
and reserve stores of protein become abnormally depleted. 

The general pathological changes due to hypoproteinsmia 
are those resulting from the disturbance in water distribution, 
namely, oedema of the subcutaneous tissues and of various 
viscera. Lesions of the tissues other than those associated 
with oedema commonly take the form of defects in protein 
tissue — ^partial disappearance of the cardiac muscle fibres 
and of skeletal muscle, fatty metamorphosis of the hepatic 
lobules with areas of necrosis in the mid-zonal areas, loss of 
substance and increased water content of the hepatic cell. 
The deleterious effect of hypoproteinaemia in the healing of 
wounds appears to be limited to the proliferation of the 
fibroblasts, but may well have more -widespread effects. 

Protein deficiency with an$mia occurs after severe injuries 
— ^particularly after extensive bums — following the actual loss 
of tissue, and of plasma in the exudate. 

Reversal of the albumin : globulin ratio, which is normally 
1-6 to 1, is found in advanced hepatic damage. Even 
where there is no reversal in such cases, the alpha, beta 
and gamma globulins sure in abnormal distribution, the 
gamma form being present in increased proportion. In 
the hepatic type of hypoproteinasmia, the severe damage of 
the liver renders the low level of plasma protein relatively 
unresponsive to treatment, and the result depends largely on 
the length of time the hypoproteinamia has been present, 
and on the amount of irreversible damage that has preceded 
the treatment. In most other forms of hypoprotein$mia, 
replacement therapy is usually effective, provided that the 
cause is removed. Replacement therapy may ^e the form 
of protein or amino-acids by mouth ; tr^fusion of blood, 
plasma or serum ; the reinfusion of ascitic fluid ; and ffie 
parenteral administration of amino-acids alone or with 
blood, plasma or serum. . . 

Kagan (1943) has pointed out that h>perglobulmsima is 
chiefly found in diseases of the bone-marrow, chronic infec- 
tion, diseases involving the liver, and dehydration. H>per- 
albuminEemia rarely, if ever, occurs. 


Feeding with Protein Hydrolj-sates and Miitures of 
Pare Amino-Acids 

When it was realized that e.xtensive hydroljsis of protein 
vas an essential preparation for the absorptive proces^. 
md that amino-acids were absorbed from ffic mtcstme duMg 
iigestion in amounts sufficient to account for all the mtro^-n 
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digested, it was but a step to consider the administration of 
the split products themselves. Henriques & Andersen in 
1913 demonstrated that nitrogen equilibrium could be main- 
tained in the goat with intravenously injected amino-acids 
as the sole intake of nitrogen. The therapeutic implications 
of this did not follow until 26 years later, although the pos- 
sibility of supplying amino-acids parenterally had been sug- 
gested from time to time, particularly by Rose (1934-35). 
In 1939, Elman & Weiner reported the application of a 
protein hydrolysate to the intravenous alimentation of human 
subjects. The preparation used was an acid hydrolysate of 
casein fortified with tryptophane (which is destroyed during 
digestion with acids), and supplemented with additional 
methionine or cystine, as they considered that the level of 
the sulphur-containing amino-acids in casein was not optimal 
for their purpose. Evidence of utilization, experimentally and 
clinically, as well as therapeutic effects in patients were 
observed by Elman & Weiner. 

Cox & Mueller (1939) next reported that an enzymic 
hydrolysate of casein containing all the amino-acids of casein 
was capable of maintaining nitrogen balance and promoting 
growth. Clinical observations on this product by Shohl, 
Butler, Blackfan & McLachlan (1939) and by Farr & 
MacFadyen (1939, 1940) followed. The indications were 
that it was well utilized, but that reactions might be observed. 
With improved methods of preparation, the occurrence of 
reactions has almost completely disappeared, and thousands 
of intravenous infusions have now been given, particularly 
with enzymic hydrolysates of casein or meat. Casein digested 
by pork pancreas has largely been used in the United States 
by Elrhan and his co-workers and by many other workers 
there (literature reviewed by Martin & Thompson, 1943, and 
by Gaunt, 1944). Whole beef-serum has also been used 
(Melnick, 1943). A papain digest of casein, although it does 
not carry the digestion quite so far as trypsin, has been used 
experimentally by Madden, Zcldis, Hengerer, Miller, Rowe, 
Turner & Whipple (1942), and Beattie, Herbert, Wechtel & 
Steele (1944) have stated that they have used with success a 
hydrolysate of casein produced by submitting the protein first 
to the action of papain and then completing the digestion 
with trypsin. From India come interesting reports on the 
preparation and clinical use. in the Bengal famine, of papain 
digests of meat (Narayanan & Krishnan, 1944; Krishnan, 
Narayanan & Sankaran, 1944). 

In order to prevent the amino-acids from being utilized 
mainly for energy purposes, it is always necessary to give 
carbohydrate simultaneously and, when they are given by 
vein, glucose is added to the hydrolysate. Hydrolysates are 
usually administered in 2 "5 %, 5 % or 10 % strength. 

It is obvious that there is no point in giving protein hydro- 
lysates to patients who can ingest, digest and absorb sufficient 
protein to serve their requirements. It is only when the 
capacity to ingest, digest or absorb is affected that their 
administration is indicated. Orally, if suitably flavoured, 
they are a compact form of giving considerable amounts of 
amino-acids, particularly in conditions where appetite is 
lacking and the need for amino-acids is acute. Intravenously, 
they are useful as a temporary measure in supplying amino- 
acids in conditions where oral feeding is impossible or 
inadequate. Elman (1940) has reported a patient who had 
injections of 80 g. hydrolysate per day over 13 days. Taylor, 
Levenson, Davidson, Browder & Lund (1943b) have reported 
a patient who, as a result of extensive bums, became so 
desperately ill that excessive forced alimentation had to be 
attempted. This patient, fed by both vein and stomach tube, 
received some 500 g. of protein daily, of which up to nearly 
200 g. were given by vein. This enforced feeding was main- 
tained for more than 42 days and the patient is stated to havd 
made a remarkable recovery. 

In the Bengal famine of 1943, 25 % of the cases of inanition 
removed to hospital were almost moribund. They were 
unable to take even fluids by mouth. The immediate reac- 
tion to the glucose-hydrolysate mixture was usually good, 
and deaths due to inanition were reduced. In severe cases 
oral feeding was possible only after several injections. Jn 
some cases the improvement was not maintained and the 
patient died. At post-mortem examination, signs of serious 
complications were usually found ; these were commonly 
indicative of dysentery, with extensive bowel ulcerations. 
The only contra-indication that Krishnan et al. (1944) have 
noted is nephritis. In such cases bad results have been seen. 
In liver conditions in which the deamination mechanism is 


impaired, as indicated by raised amino-acid N levels and 
perhaps low blood-urea, the administration of large amounts 
of amino-acids would theoretically be harmful. Where 
however, there is sufficient hepatic function, and yet because 
of ascites the patient is unable to ingest an adequate amount 
of protein, parenterally administered amino-acids may be 
useful. 

Difficulties in the preparation of pure amino-acids have 
prevented more .than a very few human experiments with 
them. At least two such experiments have now been 
reported (Shohl & Blackfan, 1940 ; Bassett, Woods, Shull & 
Madden, 1944). In the latter case the 10 essential amino- 
acids, together with some glycine, were given in 50-g. doses 
morning and afternoon over a considerable period of time. 
The rates of injection tolerated were greater than any recorded 
for protein-digest solutions. No rise in -body temperature 
took place ; 10 % glucose was also infused, and small oral 
feedings of carbohydrate and fat brought the daily caloric 
intake from all sources up to about 1,500 calories. Nitrogen 
equilibrium was achieved. It is of interest in view of the 
suggestion of Albanese & Irby (1943) that the d- forms of 
amino-acids might possibly be toxic, that the d- and /- forms 
of threonine, valine, leucine, isoleucine, phenylalanine and 
methionine were used without any evidence of toxicity. 

The clinical indications for the use of protein hydrolysates 
and pure amino-acid mbetures have been discussed by Elman 
(1943), Elman & Lischer (1943), Martin & Thompson (1943) 
and Gaunt (1944). It is important to note that these hydro- 
lysates or mixtures of amino-acids have not the colloidal 
properties of the blood proteins, and are in no real sense a 
blood-substitute, and that they should not be used routinely 
unless the ability to ingest, digest or absorb protein is seriously 
impaired. Further, it should be noted that, as at present 
arranged, only one or two proteins are administered in the 
hydrolysed form and their biological value will almost 
inevitably be less than that of the mbced proteins of a normal 
dietary. The indiscriminate use of these hydrolysates or 
artificial mbetures of amino-acids may lead to the discredit 
of a valuable therapeutic weapon. 

Protein and Amino-Acids in Relation to Trauma 
and Wound-healing 

The metabolic disturbance which results from injury can 
be divided into several phases. There is first the loss of 
tissue substance and the varying degrees of cellular damage 
at the site of injury. This represents an immediate loss of 
protein and the offier cellular and intercellular substances. 
The anabolic activity of the living but partially-damaged 
cells in the neighbourhood of the lesion will be also disturbed. 
The amino-acid requirements to replace or heal the injured 
zone will naturally vary according to the nature of the tissue 
destroyed and the degree of fibrous repair. The more 
complex the tissue, the greater will be the proportion of 
fibrous tissue. 

Depending on the severity of the wound and the 'loss of 
blood and/or plasma externally and into the tissue spaces, 
there will be a period of reduced blood volume and “ olig- 
ecmic shock ” may develop. There is thus a loss of protein 
from the circulating fluid which is probably only in part 
reversible. It would be out of place here to discuss the use 
of whole blood, plasma, serum, albumin, gelatin, isinglass, 
globin, etc., in the treatment of shock. It suffices to state 
that no substitute has yet been found which is as good as 
blood for the treatment of hEemorrhage, or plasma or serum 
to correct haemoconcentration. Where damage to tissue 
exceeds in volume that represented by two closed or open 
hands, transfusion is usually indicated (Grant, 1944). 
Plasma and serum are frequently used in the treatment of 
hfemorrhage as they are more readily kept available, but 
when used in a volume exceeding two pints [about 1 *14 1.] 
a careful watch should be kept on the hemoglobin level or 
the erythrocyte count, so that whole blood may be given if 
anaemia develops {Medical Research Council, 1944). 

It is only very recently that figures for the protein loss in 
the exudate of bums cases have become av^able and that 
their significance has been appreciated (Rossiter, 1943). Co 
Tui, Wright, MulhoUand, Barcham & Breed (1944) have now 
found the loss of nitrogen in the exudate of a burned case to 
be at the rate of 0-42 mg./cm.*^/24 hours, and in another case 
whose surface had been denuded by avulsion, the rat^^s 
as much as 2-26 mg. of nitrogen/cm.2/24 hours. These 
authors have calculated that for a 70 kg. man of 170 cm. in 


214 


height, a burn involving half the body surface would be 
equivalent to 23-75 g. of protein per 24 hours (= 400 cm.^ 
plasma or 1 14 g. lean meat) if the loss occurred at the rate 
found in the first case, whereas if it occurred at the same 
rate as in the second case, it would be equivalent to 
124 g. protein per 24 hours (= 2,000 cm.^ plasma or 600 g. 
meat). The continued loss of plasma in the form of the 
e,xudate leads to oliga:mia and this may cause “ shock 
During the period of “ shock ” the blood-fiow to the 
kidney, liver, etc. is cut down to preserve the circulation to 
the more %ital centres, and the function of these organs suffers 
in consequence. 

Following this period of shock, with its lowered metabolic ' 
acti\ity and with return of urinao' flow to normal, there 
sometimes appear in the urine the products of the damaged 
tissues. This is mainly found in severe injuries, particularly 
crushing injuries. Pywaters-(1944) has given an account 
of these changes in air-raid casualties.] There is later a rise 
in metabolic actisity which has been termed “ traumatic 
inflammation.” This precedes actual repair and is character- 
ized by ■h>pera;mia, e.xudation, and leucocytic emigration. 
During this period, autolysis and heterolysis through tissue 
and leucocytic enzymes remove the tissue debris ; and 
sloughs which are not absorbed may separate. 

Observations, mainly on fractures, have been made by 
the author and his colleagues (Cuthbei-tson ct al., 1929-44b) 
over a period of years and have demonstrated that, with 
this rise in metabolic activity, there is a marked loss of 
nitrogen, sulphur, phosphorus and potassium. Parallel 
vith the rise in nitrogen, there is a rise in temperature and in 
oxygen consumption ; creatinuria is also a feature. Disuse- 
atrophy, although it produces an undoubted but small loss 
of nitrogen, sulphur and phosphorus, could not wholly 
account for these changes, as the loss of substance was not 
confined to the area of injury (Cuthbertson, 1929 ; Cuth- 
bertson, McGirr & Robertson,”* 1939). This traumatic 
catabolism in man usually reached a maximum towards the 
end of the first week afler injury- and later slowly declined, 
though a negative nitrogen balance might persist for several 
weeks after injury-. With severe injuries, the ingestion of a 
diet rich in protein or in calories or in both, did not maintain 
nitrogen equilibrium at the height of the catabolic period, 
though there was evidence that with such high diets the 
nitrogen loss was diminished. How- far this' led to an im- 
provement in the healing process could not be determined 
(Cuthbertson, 1936). In rats it w-as found possible to reduce 
markedly this nitrogen loss following trauma, e.g. fracture, 
by injecting the animals w-ith a crude alkaline extract of the 
anterior pituitary- gland which was already known to possess 
nitrogen-retention properties. On the other hand, there was 
no evidence from this, nor from wound-healing experiments, 
that the extract of the anterior pituitary gland accelerated 
wound-healing (Cuthbertson, Shaw & Young, 1941a ; 
1941b). On the other hand, evidence was gained that 'the 
healing of skin-wounds in rats could be accelerated by 
iwf thyroid gland (Barclay, Cuthbertson & Isaacs, 

Interest in this aspect of injury has received considerable 
attention recently in America and confirmation of many of 
these findings are to be found in the Macy Foundation 
P°rts of the Bone and Wound Healing Conferences during 
■^'^ti^ht & Browne have there postulated that 
he adrenal cortex produces an “ N ” or rritrogen- or protein- 
Mabolic hormone and an “ S ” or sugar or anti-anaboUc 
ormone. These hormones are normally balanced, but 
24 *’^t“na has occurred there is an initial phase lasting 

K hours in which there is an increased excretion of 
otn N ” and “ S ” hormones, followed by a second phase 
mg days, weeks or even months in which there is decreased 
*' ^ ” hormone and an increased excretion of 
hormone. Eventually, if the organism survives, the 
wo hormones come into balance, and finally there may be a 
ompensatory phase where the “ N ” hormone production 
mcreased at the expense of the “ S ” hormone. Testo- 
to fulfil the role of the “ N ” hormone. In 
2 ight of previous experience the w-riter doubts that testo- 
rone therapy will achieve more success than that achieved 

^ nitrogen retention with anterior pituitary 

gland extract. 

m theory h;« been advanced that the period of increased 
or w ^ activity which is the concomitant of moderate 
'ere injury, might well be one of increased protein 


catabolism, involving the liberation of some essential key 
amino-acids for repair, and the oxidation of the others for 
energy purposes. In collaboration with H. N. Munro 
(Munro & Cuthbertson, 1943) the writer has found that when 
rats arc injured (fracture) whilst subsisting on a protein-free 
diet, no disturbance of protein metabolism (traumatic 
catabolism), such as has been noted in normally fed controls, 
takes place, apart from a very slight rise in nitrogen excretion, 
probably due to the elimination of the products of muscle- 
trauma in the urine. This suggests that the protein cata- 
bolizcd is essentially derived from a labile reserve which could 
readily be exhausted. It has bt-en shown (Cuthbertson e( al., 
1937a, b, c) that with the ingestion of food in excess of that 
required to meet energy expenditure, there is built up a 
rcsers-e of labile body-protein. Refemnce has already been 
made to Whipple’s conception of a labile reserve (Whipple, 
1938, 1942). 

Somewhat the same changes were reported in experimental 
bums by Clark & Rossiter (1943), working in R. A. Peters’ 
laboratory-, but they are complicated in man by (a) the protein 
lost in the exudation from the “ weeping ” surface, especially 
of superficial bums, but present also during sloughing and the 
granulation period, (6) the effect of the coccal infections of 
the first week and the abundant mixed coccal and bacillary 
infections of the second to fourth weeks (deep burns) while 
the necrotic tissues are separating. The continued fever and 
chronic suppuration lead to a continued loss of tissue protein 
and to anaemia. Atrophy due to disuse and to reflex action 
is also considerable. Pem'cillin and other chemotherapeutic 
agents aid in suppressing losses due to infection. The extent 
of the loss of nitrogen has never been completely assessed, 
for data on the loss in the exudate have been lacking. The 
author calculates that, in the first ten days after a 60 % bum 
in\-olving the whole thickness of skin, a patient may lose 
about 2 kg. of protein. The loss does not continue at this 
rate but gradually diminishes. Nevertheless the demands 
on the reparative process have to be met by a protein-depleted 
subject, and at a time when, by the very nature of the illness. 


appetite is reduced. 

The recent obsers-ations by Lucido (1930), Browne (1942), 
Cope, Nathanson, Rourke & Wilson (1943), Taylor et al. 
(1943a, 1943b), Co Tui et al. (1944), Anderson & Semeneoff 
0944) and others, have shown the extent of the protein loss 
in burns— a loss not fully appreciated until the recent figures 
of Co Tui et al. for the protein in the exudate became available. 
Previous estimations of the nitrogen balance are incomplete, 
and the apparent success in maintaining eqi^brium as 
recorded by some observers may well be fallacious for the 
above reason. Co Tui and his colleagues have show-n that, 
in the later stages, burned patients fed a diet high in calones 
and high in amino-acids, as administered in the form of a 
casein hydrolysate, could be kept in nitrogen balance. It 
is difficult to determine from the protocols how successfuUy 
a balance might have been achieved by giving more natural 
food. The administration of amino-acids in amoun^ ^ui- 
valcnt to 66 g. nitrogen and calories to the extent of 6,550 is 
surely almost exceeding the physical capacity of the Patient. 

.The plasma proteins, in particular the albunun, to 
fall and, if infection is present, the globulm may nse. Ta> lo 
et al. (1943a) have reported that of 81 burned patients studied, 
40 had hjpoproteinsmia, the degree of which appeared to 
be related to the severity of the bums. 

In the later periods of the repair process and during con 
valescence there is a positive nitrogen retention and ffie 
bodily losses are then made good. Restitution of the 
orTfiitprifiire of bodiJv function takes time. 


Conclusion 

the foregoing paragraphs there have b^a sketched 

e or quahtauve chanp m 
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anatomy and protein has been considered only in so far as it 
was the main material which took up dyes and so provided 
a picture of the histological structure. The pathologist is 
now tending to become a morbid physiologist and protein 
is no longer for him solely a clue to cellular configuration 
but is now an integral part of function, and his study con- 
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Scurvy in human beings was one of the first diseases the 
ffitiology of which was traced beyond any doubt to a 
faulty diet. It was also an interesting coincidence that 
vitamin C was the first among the organic accessory food 
factors to be isolated, identified and synthesized. Further- 
more it was found that it could be synthesized svith great 
ease and consequently at a lower cost than any of the other 
vitamins. This latter featiue combined with certain chemical 
characteristics possessed by /-ascorbic acid has attracted a 
great number of uncritical workers, both in the clinic and in 
the laboratory, who were susceptible to the blandishments of 
a therapeutic novelty. It is not, therefore, surprising that 
the greater part of the literature on the subject is rather more 
plausible than convincing. UnfortaUately, in spite of the 
strongly pressed advice of the cautious, this literature has 
had- its Muence in some fields where the authorities take 
charge of the public health. It wiU be seen from this paper 
that when the work done on the subject during the past ten 
years or so is brought into focus, an aspect is obtained which 
is quite different from that presented by the casual perusal 
of the voluminous and troublesome literature. 

The Chemical “ Methods ” 

One of the factors which contributed to the prevailing dis- 
tortion of our knowledge of vitamin C was the application 
of the so-called chemical methods employed in its assessment. 
Pioneer biochemical researches have shown that antiscor- 
butic solutions were endowed with a strong reducing capacity 
which was more or less parallel \vith their antiscorbutic 
activity as assessed biologically on guinea-pigs. The most 
specific reagents in this respect were found to be dyes of the 
phenolindophenol class which became decolorized in the 
process of reduction. As was to be expected, vitamin C wjj.en 
isolated was found to reduce indo_phenol as well as other 
reagents. By using standardized solutions such as indo- 
phenol, iodine, etc., pure /-ascorbic acid can therefore be 
determined titrimetrically with the accuracy of a fraction of 
a milligram. This fact led to the development of multi- 
tudinous “ methods ” wth “ refinements,” the purpose of 
which ^vas not immediately evident to everyone. Unfortu- 
nately even indophenol is not specific for /-ascorbic 
acid and therefore, although a useful reagent in the hands 
of the cautious, its promiscuous use on extracts of animal 
and plant tissues led to the promulgation of faulty con- 
clusions. Much misleading information svas disseminated, 
especially when these “methods” were employed in the 
assessment of vitamin C in natural foodstuffs, particularly 
when cooked or processed. In heating products containing 
carbohydrates, certain antiscorbutically-inactive substances 
capable of reducing indophenol may be formed. When the 
heating is carried out in alkaline medium, reductone is pro- 
duced from hexoses, whilst in acid solution leductic add is 
formed from pectins and pentoses. The chemistry of the 
degradation process of the above precursors is complicated 
and at present obscure, but it was suffidcntly knowu that 
it may seriously interfere with the assessment of dtamin C 
in such circumstances. For instance, while the indophenol 
reducing substance reductone may be formed in the process 
of heating in alkaline solutions, ascorbic acid is being simul- 
taneouslj' destroj-ed in the presence of air. The resulting 


indophenol titration can thus be entirely misleading as an 
index of ascorbic acid. It is therefore not surprising to find 
that according to some workers no destruction of vitamin C 
takes place — a synthesis is even sometimes indicated — when 
vegetables and fruits are heated in the presence of alkali. 
Recent work has shown that the indophenol titration may 
to some extent be corrected for non-active substances. The 
procedure nevertheless still remains a dangerous weapon in 
the hands of the uncritical. 

The Phenomenon of “Saturation” 

There seems little doubt that the chief reason for the 
exaggerated views held by many on the requirements of 
vitamin C for maintenance of good health is the confusioa 
of thought that prevails concerning the phenomenon of 
“ saturation ”. 

One definition of “ saturation ” in man is the condition 
attained when a more or less constant daily amount of the 
vitamin C is eliminated in the urine as a result of ingesting 
a constant daily quantity of the vitamin above a certain 
minimum. Under normal conditions, especially in towns, 
deliberate attention has to be paid to the constitution of 
the diet in order to maintain a condition of “ saturation 
“Saturation” is therefore in this sense abnormal. Many 
people apparently in the best of health are known to be “ un- 
saturated ” or even not to eliminate ascorbic acid in the urine 
for long periods, especially in the winter months. The degree 
of “ unsaturation ” in such cases may differ within certain 
limits, but there is every reason to believe that the condition 
in the most “ unsaturated ” of this category could be induced 
in “ saturated ” people by their existence on a totally scor- 
butic diet within a period which is extremely short in ’com- 
parison with the time necessary to ‘produce frank scurvy. 
Yet such expressions as “ hypovitaminosis C,” “ vitamin C 
subnutrition ” and even “ latent potential scurvy ” and 
“subacute scurvy” are being recklessly applied to this 
condition by many writers and thus unwarrantably confusing 
it with the condition of “ unsaturation ” prevailing at the 
latent border-line of scurvy. At presen' there is no definite 
evidence to show at what stage “ unsaturation ” may really 
begin to have an unfavourable influence on health, but what 
evidence there is suggests that it is likely to be in the zone 
immediately preceding the frank manifestation of the disease. 
The literature contains few cases of experimental scurvy in 
human beings.but recently two such cases have been reported* 
which have every appearance of being well-controlled ex- 
periments, In one case no subjective or objective signs of 
scurvy were observed in the subject after 100 da>'S on a scor- 
butic diet. In the second case a feeling of fatigue developed 
only at the beginning of the third month. Measurements of 
this weakness by an ergograph, however, showed that “ the 
number of contractions at the rate of one per second made 
by the right hand against a standard resistance showed only 
a slight drop during the period of vitamin C deficiency ”. 
Further “ there was almost complete fretdom from respira- 
too' infection throughout the e.xperimental period, covering 

• [Cnindon, J. H.. Lund. C C & Dill. D. B. (1540) Sew E~^!. 
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the months of October to May. Only two very transient 
and mild attacks of coryza were noted, each lasting but a few 
days. In previous winters it has not been uncommon for 
the subject to suffer from frequent, severe upper respiratory 
infections.” It is important to note that in the first case also 
the subject recovered easily from a cold which he developed 
after 45 days on the scorbutic diet. 

The abuse of the “saturation” phenomenon is actually 
worse than is outlined above. A number of workers, in 
measuring what they call the level of vitamin C nutrition, use 
“ test doses ” for the purpose. The procedure consists of 
administering massive daily doses of several hundred milli- 
grams of ascorbic acid, the size of the dose used varying with 
the individual worker, until the patient eliminates ascorbic 
acid in the urine. There again, the criterion for the end-point 
varies with the, individual worker. It may be anything from 
the first appearance of ascorbic acid in the urine, to the 
excretion of 50 % of the “ test dose ” ! It is evident that 
in most of these cases the result is not only saturation but 
also the loading of the blood stream with large quantities of 
ascorbic acid. In measuring the “ level of vitamin C nutri- 
tion ” these workers are therefore adopting arbitrary levels 
imposed by themselves in accordance with their degree of 
enthusiasm. These “ levels ” unfortunately have no obvious 
cormection with the aetiology of scurvy. In addition they 
are using a criterion which is by no means standard. It may 
therefore be fairly questioned whether the “ saturation ” 
tests justify the interpretation placed upon them. There is 
even no evidence that the vitamin C in the tissues of “ satur- 
ated ” persons is stored for reserve purposes. Results 
obtained with guinea-pigs point to the contrary. 


The Plasma Ascorbic Acid 

The concentration of ascorbic acid in the blood is influenced 
by the quantity of vitamin C consumed, by the ascorbic acid 
content of the tissues, and by the function of the kidney to 
eliminate the vitamin. In “ unsaturated ” subjects it is carried 
to the tissue and disappears from the blood stream within 
a short time. When the dose is small, little, if any, is elimin- 
ated by the kidney tmder these conditions. When the dose 
is very high, particularly when it is introduced parenterally, 
some may be voided in the urine even before “ saturation ” 
is reached. When “ saturation ” is actually attained there is 
a tendency for the kidney to eliminate the vitamin which is 
circulating in the blood, and if no further ascorbic acid is 
fsupplied to the system extraneously, the tissue ascorbic acid 
will evidently pass eventually into the blood and be eh’minated. 
During the phase of “ saturation ” the ascorbic acid con- 
centration of the blood is controlled by several factors, such 
as the quantity of ascorbic acid ingested, the time which 
elapses ^er ingestion, etc. When “ unsaturation ” sets in, 
owing to the consumption of small quantities, or to total 
abstention from ascorbic acid, the plasma content gradually 
sinks *to very low values or zero. This need not necessarily 
indicate a vitamin-C deficiency, any more than the early 
stages of “ unsaturation ” as manifested by lack of urinary 
elimination of ascorbic acid-. In the experimental case of 
scurvy mentioned above, the plasma ascorbic acid- was 
determined daily and it was found that the content fell 
rapidly and reached the low value of O-I mg. per 100 ml. 
of plasma after about 9 days on the scorbutic diet. For 
about another 8 days the values vacillated at about that level 
and eventually the content uniformly declined to zero 41 
days after the beginning of the experiment. It is doubtful 
whether ascorbic acid values of the order of 0-1 mg. per 
100 ml. of plasma can be considered as significant. Even 
so, the experiment showed that the absence of ascorbic acid 
from the blood was attained after about 41 days on a scorbutic 
diet when normal health was enjoyed. It must be noted 
that in this subject the plasma ascorbic acid was zero for 
thirteen weeks before the first evidence of clinical scurvy 
became manifest. Therefore, like the “ saturation ” test, 
it cannot be accepted as a test for vitamin-C deficiency. Of 
course, in cases of latent scurvy which are indicated by a 
response to specific therapy, the zero value of the blood 
offers additional support to the diagnosis. 


Vitamin-C Requirements 

It is customary to measure the requirement of a dietetic 
constituent by the daily dose necessary to maintam good 
health. Such an assessment is fairly siniple in the case of an 
animal. In the case of man, however, it offers, for obvious 


reasons, great difficulties, and consequently the minimum 
dose has to ^ deduced by indirect means. During the last 
three decade^ or so, much detailed experimental work has 
been carried out on scurvy in the guinea-pig, and indications 
have been obtained that a quantitative relationship exists 
between the guinea-pig and man in several respects.* The 
minimum daily dose of vitamin C for man can therefore be 
deduced with a fair degree of probability in the following 
way. A daily dose of about 2 mg! of ascorbic acid not only 
prevents the production of macroscopic and microscopic 
lesions of scurvy in guinea-pigs on a scorbutic diet, but 
apparently also enables the growing animal to lead a normal 
existence. About ten times this dose is required to attain 
the maximum concentration of the vitamin in the tissues, 
f.e. to attain “ saturation.” The dose necessary to maintain 
“ saturation ” in man as measured by the urinary output of 
ascorbic acid varies within certain limits with the individual 
and is of the order of 50 mg. per diem. If the ratio between 
the minimum “ saturation ” dose and the minimum protective 
dose is the same in man as in the guinea-pig, the minimum 
human requirements would be of the order of 5 mg. daily. 
Compared with the high targets now often recommended 
this figure may at first sight appear alarmingly low. When, 
however, the very low vitamin C content of the diets con- 
sumed by a great number of apparently healthy people for 
long periods in this country, particularly in the winter, is 
considered in relation to the very low incidence of scurvy, 
a minimum protective dose of 5 mg. does not appear to 
surprisingly small. In view of these considerations the daily 
intake of 30 mg. recommended by the League of Nations 
Health Orgam'sation Technical Commission on Nutrition 
seems to be a reasonable target, as it is in all probabih’ty 
several times higher than the minimum protective dose and 
would not require the consumption of excessive bulks of 
vitamin-C-containing foods even in the winter. It must, 
however, be observed that the above intake is intended as a 
target value and consequently does not require strict ad- 
herence. There seem to be many indications that only when 
this daily intake falls to a value below 15 mg., or perhaps 
even 10 mg. — in other words when approaching the minimum 
rcquiremcnt-*-that precautions arc required. 

As scurvy is a disease which develops because of the ab- 
sence of a dietetic factor, it follows that the introduction of 
the daily minimum dose of vitamin C into the food should 
be sufficient to cure the disease eventually. This is supported 
by the fact that improvements in patients suffering from 
scurvy have been observed on ordinary hospital diets poor 
in the vitamin even before treatment was commenced. In 
order to effect a rapid cure, however, large quantities of 
vitamin C may have to be administered at first. In deciding 
on the size of the dose the condition of the patient must 
evidently be taken into consideration, and therefore the form 
of administration and the quantity to be administered must 
be left to the discretion of the physician. Doses of several 
hundred milligrams of ascorbic acid have been successfully 
used in the early part of the treatment. 


Vitamin C and Diseases other than Scurvy 
The isolation and synthesis of /-ascorbic acid was followed 
by an indiscriminate search for the possible use of the com- 
pound in a number of diseases. In some diseases, like 
hremorrhagic states different in their pathology from scurvy, 
and in Addison’s disease, in which the response could have 
been expected to be of a definite nature, it was found to be 
ineffective. Claims concerning the merits of the new com- 
pound were made by some workers in respect of other 
applications, e.g. dental disease, skin conditions, cataract, 
gastro-intestinal disturbances, immunity and resistance to 
infection, wound healing and surgical conditions, pneumonia, 
tuberculosis and diphtheria. At the same time, however, 
these claims were contradicted by the. evidence produced by 
other workers which militated against the suggestion that 
/-ascorbic acid was beneficial in the treatment of these 
diseases. Furthermore, when positive results were obtained, 
the position was often obscured by the failure of the workers 
to appreciate two cardinal facts. In the first place, in some 
cases such as wound healing, the improvement could o ten 
be . traced to the rectification of a genuine pre-scorbutic 


• rrhe author has discussed this relationship in more detail in 
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condition. In other cases such as gastric and duodenal 
ulcers, the effect was confused with the cause. The un- 
doubted presence in some instances of a genuine vitamin-C 
deficiency was evidently brought about by the insufficiency 
of the vitamin in the diet used in the treatment, and conse- 
quently the deficiency was not connected with the aitiology 
of the disease. In general it may be said that so far no con- 
vincing evidence has been produced that vitamin C has an 
influence on any condition other than scurty. 

Conclusions 

A careful examination of the recent literature on vitamin C 
does not then appear to give quite the same impression as 
that obtained by the casual perusal of numerous contribu- 
tions on the subject, which are more often than not character- 
ized by a certain missionary spirit, and which are not always 
sustained by objective reasoning. The common miscon- 
ception of the phenomenon of saturation ”, with the conse- 
quent formulation of the high requirements of vitamin C for 
the maintenance of good health, has been followed by many 
spurious activities. It has encouraged a great deal of un- 
necessary experimental work in order to preserve the vitamin 
C in stored, cooked, processed and dried foods, etc. — by no 
means an easy problem — which, considering the abundance 
of vitamin C in the vegetable and fruit products of most 
countries, served no real purpose. The unjustifiable stress 


placed by the teaching of pubUc bodies on the im- 
portance of ensuring high intakes of vitamin C must no 
doubt have been responsible for causing unnecessary 
strain on the public in general and bn the housewife in 
particular, especially as the information disseminated was 
not always scientifically correct. It is indeed questionable 
whether the scientific knowledge on vitamin C obtained in 
the interval between the two wars has really added anything 
to our knowledge which has a bearing on practical nutrition. 
The crude assessments of the vitan-in-C content of foodstuffs 
were in the early days in many ways more reliable than the 
supposedly accurate modern chemical “ methods,” as they 
were all carried out by the only dependable test, namely the 
biological test. If the accuracy of this assessment is not 
high, it is, at all events, sufficiently accurate for the classifica- 
tion of antiscorbutic foods such as is needed for practical 
purposes. It is true that synthetic /-ascorbic acid has its 
advantages in certain cases of human disease, but this is by 
no means balanced by the gross and unwarranted abuse of 
the compound for general nutritional purposes. No doubt 
this biochemically interesting compound calls for much 
research, and may even reveal some unexpected therapeutic 
merit other than as a specific for scurvy, in medical practice, 
but useful results in this field can be obtained only by labora- 
tory workers and clinicians who can impose upon themselves 
the strictest rules of observation and control. 
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All the chemical reactions, which together constitute life, 
as we know it, take place in water or at a water interface. 
Life tvithout water, therefore, is an impossibility, and it is a 
well known fact that the body of an adult contains some 
72 % of water. It is not so generally known that the body at 
birth contains considerably more, but this is well estab- 
lished, and a fall in the percentage of water is one of the 
chemical characteristics of growth. 

Effect of Reduced Intake 

Man is surprisingly sensitive to a reduction in his water 
intake. Anyone can demonstrate this to himself and his 
friends by a very simple and perfectly safe experiment. • All 
he (or she) has to do is abstain from all fiquid for three or 
four days, and to eat only “ dry ” food such as biscuits, 
cheese, jam, sugar and chocolate. By the third day the 
experimenter will probably have lost from 8 to 16 pounds 
[about 3-5 to 7 kg.] of weight. He ^vill be very thirsty, but 
not perhaps inordinately so, and he may even maintain that 
he feels quite well, though he can no longer eat the dry food, 
and finds it a little difficult to talk for long at a time. His 
friends, however, will have observed a gradual change in hts 
appearance. His cheeks will have become paler than they 
ought to be, and somewhat sunken ; his lips will look dry, 
and they t\'ill probably have developed a slightly bluish tint. 
If the subject of this experiment decides to bring it to an end, 
and drinks two or three cups of tea, his friends will probably 
notice the most dramatic change in his appearance, and wthin 
10 minutes he will have recovered all his characteristic 
colouring and be looking the picture of health once more. 
It may, however, take him some hours of steady drinking to 
regain his loss of weight (Nadal, Pedersen & Maddock, 1941 ; 
Black, McCance & Young, 1944). 

Sources of Water 

Man gets the water for' his daily needs from three main 
sources. The first and most obtious of these is the water, 
coffee, tea, beer, soup or other liquid which he drinks. The 
second is the water in the so-called solid food. This may 
be a considerable amount, for some foods which look very 
solid contain a surprising quantity of water. Cabbages and 
marrows, for instance, may contain 95 % of water, and apples 
as much as 90 %. Meat again is more, and bread not much 
less, than half water. The third source is the water 
formed during the combustion of the food materials, for all 
of them arc normally burned to CO. and water. A gram of 


protein or sugar burns to about 0 ■ 5 cm.® of water and a gram 
of fat to 1 cm.^ so that the metabolism of 100 g. protein, 
100 g. of fat and 400 g. of carbohydrate will give rise to about 
300 cm.’ of water. This is not enough for a man’s daily 
needs, but some insects such as clothes moths must be able 
to live on the water which they derive from the oxidation of 
their dry, if somewhat valuable, rations. 

Water and Salt Balance 

If, as already implied, man is to remain efficient, he must 
be maintained in water balance', and he must, therefore, be 
supplied with enough water to replace the large amounts 
which he loses every day through the lungs, kidneys, and 
skin (Peters, 1 935). The air expired by the lungs must always 
be saturated with water vapour, and the daily loss through 
this channel comes to about 400 cm.’ in a person taking a 
minimum amount of exercise, and in a temperate climate the 
losses by the skin can be cut down to a figure not much 
greater (Futcher, Consolazio & Pace, 1944). If 1,000 cm.’ 
per day be taken as the amount of water required in temperate 
weather by the skin and lungs, no great error will have been 
made, but in a hot climate a man may lose 14,000 cm.’ by 
the sldn in the course of a day (Hunt, 1912) and all this loss 
is essential if the man is to survive, for were he to stop sw eating 
his temperature would rapidly rise to a level that was in- 
compatible with.life. 

Now sweat is essentially a dilute solution of sodium 
chloride, but since it contains very much less of this sal t than 
the plasma, sweating will always lead to a concentration of 
the body fluids. If, however, sweating is very profuse and 
continuous, considerable amounts of salt may be lost as 
well as wnter. If the subject now drinks water freely, he may 
so dilute his body fluids that he is seized with the most severe 
cramps and becomes seriously ill. This can be prevented by 
the simple expedient of adding a small quantity of salt to the 
drinking water of men who are working in a very hot atmo- 
sphere. It is wiser to do this than to rely on a larger intake 
of salt at meal times, for men may eat less food for many 
reasons and still continue working and drinking. Such men 
are verv liable to suffer manifestations of salt deficiency. 
Salt, however, should not be added to the water unless the 
heat is very great and the subjects have free ttcaesv to 
while thev’are at work. It would he a great mistake to add 
salt to the drinking water if the supplies were limited. 

Man loses a good deal more water through the s,.m than 
certain other animals. This pves him an advantage ovc. 
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the dog, for instance, in a very hot desert climate, for he can 
do hard work and still keep cool by sweating. The dog 
does not sweat, and normally cools himself by panting and 
protrusion of his moist tongue, but in the heat of the desert 
sun the animal rapidly becomes a casualty because his skin 
becomes unbearably hot and his temperature steadily rises. 
In a more temperate climate, however, the dog would have 
the advantage over the man if both were deprived of food and 
water, for the man would soon get very thirsty, while the dog 
could live quite comfortably on the water in Ws own tissues, 
which were being broken down, and on his own water of 
metabolism. 

The human kidney is forced to pass out about 500 cm.^* 
of water a day with the urea and other solids which it excretes. 
The actual amount of this obligatory excretion depends upon 
the amoimt of solids, and particularly the amount of salt, 
which the urine contains. If the diet has contained little salt, 
or if sweating has been profuse in a hot climate, the urinary 
chlorides may be low and the obligatory volume not much 
more than 300 cm.®. It can be raised experimentally by 
taking salt (McCance & Young, 1944). The rest of the 
water passed by the kidney may be regarded as the surplus 
of intake over the essential requirements. This surplus 
amounts only to some 200 to 2000 cm.® per day whatever 
the work or climate, which shows how well the intake is 
normally regulated by the desire to drink (Smith, 1937). 
This mechanism, however, is not perfect, for it is clear from 
the way in which people lose weight at the onset of really hot 
weather, and from the very small volume of urine passed 
during such weather, that the sensation of thirst may not be 
strong enough to prevent men getting into a state of hydro- 
psnia. It is, therefore, very important that administrators, 
medical men and others responsible for tlie welfare and 
efficiency of troops working in high temperatures should 
ensure that the men in their charge have free access to cool 
water day and night, and that they are encouraged to drink 
it. It is equally important to see that such working men are 
provided with enough salt to replace the amounts lost in the 
sweat. 

Within the last few years the exigencies of war have forced 
men and women to live for many days and even weeks in 
open boats, and the question of drinking sea water has come 
up again and again. Now sea water may be regarded as a 
3 % solution of common salt, and the fluids bathing the cells 
)f the body as a 1 % solution. The kidney can excrete a 
I % solution of salt, but no more, so that taking sea \vater 
)y mouth can only lead to a concentration of the body fluids, 
vhich is the one thing that shipwrecked mariners are trying 
o avoid. But for the timely aids of science, which are now 
)emg made available (Spealman, 1944), Coleridge’s lines are 
IS true to-day as they were when they were written : 

Water, water, everywhere, 

Ne any drop to drink. 

Marine Animals 

How, then some may ask, dp the marine mammals manage 
to survive, and how do the sea fish manage their water econ- 
omy? The body fluids of these animals are no more- con- 
centrated than a man’s, in spite of their hypertonic surround- 
ings. The seals and whales need less water than man for 
they have no losses through the skin. They do not drink 
the water in which they live, in fact, they are careful not to 
do so, and only swallow their food after separating it from 
the sea water. They live on the water which their prey 
contains, and the water derived from its metabolism. The 
bony fish do drink sea water, but they have cells in their 
gills which excrete salt outwards, and so, although their 
kidneys are much less effective than those of mammals at 
excreting salt, they manage to maintain their body 
fluids at an osmotic pressure near to a 1 % solution of 


sodium chloride. The elasmobranch fish have a different 
mechanism. Tlieir body fluids contain 2 % or more of urea 
Their gills are impermeable both to urea and salt, and they 
have so much urea inside them that their body fluids have a 
higher osmotic pressure than the surrounding sea. Conse- 
quently water passes into the animals and provides their 
kidneys with the means of excreting the waste products of 
the body (McCance, 1936 ; Krogh, 1939). 

Water and Salt in Illness 

Unlike other animals, man can exist for a long time outside 
his natural habitat, but only if by his forethought he has 
provided himself with the things which are essential for life. 
Of these water is second only to oxygen, and it should always 
be given precedence over food in lifeboats and rafts when 
space is limited. 

When a man is ill, his requirements for water are almost 
as great as they are when he is up and about, and they may 
be much greater, for some diseases are characterized by a 
forced excretion of water. If this excretion is taking place 
by the bowel, it 'will be accompanied by a loss of salt, and 
both will have to be replaced. The usual way of doing this 
is by giving Isotonic saline intravenously, and this is often a 
life-saving measure, but the use of saline can be overdone-^ 
particularly in young children. The ihistake is made by 
those who cannot distinguish between water requirements 
and salt requirements. Although the mefaboh'sm of salt is 
intimately associated with the metabolism of water, the 
requirements of the two should not be confused. Sahne 
should be administered only if there has been a loss of body 
fluids, and preferably when this loss has taken place to the 
exterior by vomiting or diarrhoea. Internal “ loss,” as in 
shock, is a separate question, and it should be treated usually 
by the administration of human plasma. Patients in need 
of water and unable' to take fluids by mouth, as may often 
be the case after surgical operations, should be given a 5 % 
solution of glucose intravenously. This provides them with 
a certain amount of food, and water to make good their 
losses by the lungs and skin. The simplest way of making 
sure that a patient is being given enough water is to test the 
specific gravity of the urine (Lashmet & Newburgh, 1932; 
(Toiler & Maddock, 1935 ; Jones & Morgan, 1938 ; Amott & 
Young, 1942). 

The dangers of giving moderate amounts of saline with the 
idea of treating dehydration may be illustrated by the follow- 
ing simple calculation. Let us suppose that a patient is 
unable to take anything by mouth, and that, in consequence, 
he is given, during 24 hours, 1500 cm.® of normal saline intra- 
venously, i.e. 1500 cm.® of water and 15 g. of salt. He 
will require 1000 cm.® of this water to make good the 
imavoidable losses from his lungs and skin, and so his kidneys 
vvill have the impossible task of excreting 15 g. of salt 
in 500 cm.® of water. The kidneys may excrete most of 
the 15 g. of salt,, but they can do so only by drawing upon 
water which was already in the body. Hence the administra- 
tion of 1500 cm.® of saline could only make the patient more 
dehydrated, while 1500 cm.® of 5 % glucose would have met 
^ his water requirements. The casual administration of 
saline to very young infants is even more dangerous than it is 
in adult life, for the infant kidney is much less capable of 
dealing vvith the superfluity of salt (Young, Hallum & 
McCance, 1941; McCance & Young, 1941). It is, in 
consequence, very easy to raise the concentration of salt 
in an infant’s body fluids to a level which must interfere 
with the child’s well-being (Aldridge, 1941). It is a safe rule 
never to give 1 % saline except specifically to replace a loss 
by vomiting or diarrhoea. All other fluid given should be 
salt-free or contain much less salt, and 5 % glucose or 5 % 
glucose in 0-2% saline are satisfactory solutions for the 
intravenous route. 
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MINERALS IN HUMAN NUTRITION 
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Department of Medicine, University of Cambridge 


Students of nutrition have never produced discoveries of 
such immediate popular interest as the sulphonamides or 
penicillin, but it is probably true to say that by their united 
efforts they have done more for mankind than all other 
medical investigators put together. Nor are their labours 
completed. Every year some new advance is made and more 
and more opportunities of applying existing knowledge are 
discovered. 

Interest in mineral nutrition has always tended to centre 
on those elements which are likely to be deficient in quantity 
or which may do harm by their excess. Every physiologist 
knows that magnesium is essential for life and that zinc has 
recently been discovered to be a component of the carbonic 
anhydrase enzyme system, but nutritionally these two elements 
are uninteresting, for no one has ever produced evidence to 
show that either of them is likely to be deficient in human 
diets, or present in a dangerous excess. 

Our knowledge of the laws which govern the absorption 
arid excretion of minerals has expanded considerably during 
recent years, and some general principles have now become 
firmly established. One is that minerals are much more 
readily absorbed if they are in solution, and consequently 
any ion which precipitates another in the stomach or intestine 
will, ipso facto, prevent its absorption. Soluble aluminium 
salts, for example, will inevitably react with phosphates and 
precipitate them irreversibly in the gut (Street, 1942 ; Kirsner, 
1943). This is the mechanism which enables phytic acid to 
impede the absorption of calcium, magnesium and iron, and 
probably other divalent metals such as zinc and lead 
(McCance & Widdowson, 1942 ; Wang, Liu, Chu, Yu, Chas 
& Hsu, 1942 ; Krebs & Mellanby, 1943). Oxalates prevent 
the absorption of calcium (Bonner, Hummel, Bates, 
Horton, Hunscher & Macy, 1938), and calcium of oxalic acid 
(Barrett, 1942), and those who fear the formation of oxalate 
calculi in their urinary tracts should therefore take plenty 
of milk with their rhubarb. The converse of this also 
appears to be true, and agents which improve the solubility 
of an element in the intestine also improve its absorption. 
It is for this reason that proteins improve the absorption of 
calcium and magnesium (McCance, Widdowson & Lehmann, 
1942), for their coiistituent amino-acids form soluble coordina- 
ticHi compoimds with the carbonates and phosphates of these 
two metals. This all sounds so obvious when it is enunciated 
that it is essential to think oneself back into the state of know- 
ledge existing only a few years ago to appreciate the work 
undertaken to establish it. 


Caldum 

The insolubility of the carbonate and phosphate of calcium 
at the pH of living tissues is the clue to much of the physiology 
of this element, for it explains its usefulness as a hardening 
agent in bones, teeth and shells, and also its poor absorption 
and. tendency to precipitate in unwanted situations. The 
absorption of calcium from foods of different kinds has 
occupied a good deal of attention in recent years. This is 
Very appropriate, for few foods except milk and cheese con- 
tain much of this mineral and there is not enough milk at 
present to supply the world with its calcium requirements. 
In times of calcium shortage the amount of calcium in 
the- drinking water assumes greater importance, and it has 
been calculated (Widdowson & McCance, 1943) that up to 
200 mg. of calcium per day may be obtained from drinking 
water in districts where the water is hard. This is as much 
as there was in the adult milk ration in' Britain during the 
winter months of 1942 and 1943. The same authors have 
shown that the cooking of vegetables in hard water makes a 
small, but only a small, difference to the total calcium intake. 
Basu, Basak & De (1942), Basu, De & Basak (1942) and Basu 
& Ghosh (1943) have concluded that the calcium in the bones 
of small fish and in lime chewed with betel* nuts is partially 
absorbed, and Breiter, Mills, Rutherford, Armstrong & 
Outhouse (1942) have shown that the calcium in carrots is 
about haff as well utilized as the calcium in milk. 

There is no doubt that the calcium intakes of at least half 



the population of the world are much too low, and it is an 
unfortimate combination of circumstances that in these 
countries where the supply of milk is grossly deficient the 
diets very often consist mainly of whole cereals. As long ago 
as 1925 Mellanby discovered that there was some cormection 
between the severity of the rickets developed by a growing 
dog and the type of cereal upon which if. had been fed. Oat- 
meal was highly rachitogenic, whereas wlute wheat flour was 
relatively innocuous. At the time, and subsequently, the 
general importance of this discovery was missed, mainly 
perhaps because the experiments centred upon the production 
of rickets in growing animals and its cure by vitamin D. 
The last was therefore regarded as the important variable. 
In 1939, Harrison & Mellanby demonstrated that phytic 
acid played a large part in the rachitogenic action of cereals. 

Until very recently it would have been safe to say that in 
spite of a great deal of highly suggestive work, vitamin D 
has remained the centre of interest in calcium metabolismi 
and the nutritional properties of cereals have been regarded 
as beyond practical control. The necessity for making the 
available wheat feed as many mouths as possible has revived 
interest in this problem, and McCance & Widdowson (1942), 
by means of prolonged metabolic studies with humans, 
showed that both calcium and magnesium were absorbed 
less freely from diets contaim'ng large amounts of brown flour 
than they were from similar diets contaim'ng white flour. 
Flour of 85 % extraction has also been shown to have a rm'ld 
inhibitory action upon the absorption of calcium (Krebs & 
Mellanby, 1943). By adding sodium phytate to white flour, 
and by removing phytic acid enzymatically from brown flour, 
it has been shown (McCance & Widdowson, 1942) that the 
deleterious effect of brown bread on the absorption of 
calcium and magnesium in man is entirely due to phytic 
acid. The insolubility of the calcium salt of this complex 
acid radicle enables it to immobilize calcium from the rest 
of the diet in the intestine and so prevent its absorption. 

Whatever the daily allowance of'calcium ought to be, and 
it must, of course, differ from one individual to another, it is 
certain that many children in India (Wilson & Widdowson, 
1942), Ceylon (Nicholls & Nimalasuriya, 1939), and Spain 
(Robinson, Janney & Grande Covian, 1942) have been exist- 
ing on deplorably low intakes. Anything that can be done 
to raise the calcium intakes of poor people generally will 
undoubtedly benefit them, but the practical difficulties may 
be very great, particularly in a self-supporting, non-indus- 
trialized coimtry such as India. 

In Great Britain, flour was fortified with calcium in 1942, 
shortly after the extraction had been raised to 85 %. This 
measure was introduced partly to counteract the effect of the 
phytic acid in the 85 % flour, and partly to increase the 
calcium intake of a population whose milk supplies were 
reduced. Its wisdom has been demonstrated by the experi- 
ences of other countries which have not introduced such 
lepslation. In South Africa, for example, where there has 
been a great increase in the consumption of high-extraction 
flours, measurable decalcification of the bones of the general 
population appears to have taken place (Meyer, Oosthuizen 
& Shapiro, 1942). Eire, however, has staged an even more 
significant large-scale experiment. Early in the war the 
shipping position forced the government of Eire to mill all 
the wheat available for human consumption to 100 %. The 
Dublin poor subsist largely on bread, and have very Utile 
milk, and this measure involved an enormous increase in 
their ingestion of phyu'c acid. No steps were taken to increase 
the amount of caldum in their diets, and in recent years 
there has been a serious increase in the inddence of rickets 
in the capital (Pringle, Re>’nolds & Jessop, 1943). 

Striking evidence of the widespread impro%-ement in mineral 
nutrition which has taken place in London during the last 
25 years has been provided from comparative studies of 
the teeth of two large series of London schoolchildren by 
Mellanby & Coumoulos (1944). Teeth are laid down and 
formed long before they erupt, and it is necessary to seek the 
reasons for this improvement in carUer \-ears. An increased 
intake of caldum has certainly played a part, but it is likely 
that vitamin D given to the children themselves, and to their 
mothers at the ante-natal clinics before they were bom, has 
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also helped to bring about the change. It is well known that 
vitamin D administered to women during lactation passes into 
the milk, but it has now been shown that administering 
calcium to mothers does not raise the concentration of this 
element in their milk unless vitamin D is given concurrently 
(Ritchie, 1942). It must not be overlooked, moreover, that 
there has been an improvement in the general nutrition of 
London children, and this may have been the most important 
factor of all in improving their teeth, for calcium metabolism 
is certainly connected with vitamin A and vitamin C, and the 
formation of bones and teeth must depend upon many other 
factors of which nothing is yet known. 

Iron 

It is well known to all analytical chemists that great pre- 
cautions have to be taken to avoid contamination when iron 
analyses are being made, and metabolic experiments involv- 
ing iron are difficult to carry out for this reason. Tables 
showing the amount of iron in foodstuffs are based on analyses 
of foods prepared with the greatest care to prevent contamina- 
tion with extraneous metal. In the kitchen, however, no 
such precautions are taken. The housewife has her favourite 
kitchen knife, she has her mincer, and her chipped enamel 
pots and pans, and iron intakes as calculated from food tables 
should be regarded as minimum values. That actual intakes 
must sometimes be a great deal hi^er because of contamina- 
tion from various cooking utensils was made clear from some 
experiments (Widdowson & McCance, 1943) in which it was 
shown that apples cut up with an ordinary Idtchen knife and 
stewed in a chipped enamel pan contained 20 times as much 
iron as another sample of the same apples cut up with a stain- 
less steel knife and cooked in a glass beaker. 

Evidence has continued to accumulate during the past few 
years that the human body has no physiological method of 
regulating the excretion of iron, and that, in fact, very little 
is ever excreted. Thus, a patient with a‘ severe haemolytic 
anaemia, who was being kept alive by large and repeated 
transfusions, was found to be excreting none of the iron from 
her haemolysed erythrocytes (McCance & Widdowson, 1943). 
The amount in the body must, therefore, be regulated by the 
amount absorbed, and Hahn, Bale, Ross, Balfour & Whipple, 
(1943) have published an account of an interesting though still 
very incomplete attempt to solve this problem by means of 
rado-active iron. They have found that the amount of iron 
absorbed by dogs depends upon the degree to which the 
> . • has been saturated by the metal. Saturation by 
iron is rapid, and a large dose given a few hours before may 
block the absorption of a second dose containing the radio- 
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element. The removal of blood does not at once desalurate 
the mucosa, but this follows gradually as the iron stores are 
depleted to make good the loss. 

Fowler & Barer (1942) and Barer & Fowler (1943) obtained 
some rather unexpected results when they followed the rate 
of hffimoglobin regeneration in blood donors who were being 
treated with iron. They found, in confirmation of previous 
workers, that when blood was first withdrawn the adminis- 
tration of iron shortened the period required for complete 
regeneration, but they also found that this beneficial effect 
was not so obvious after the second removal of blood, and 
negligible after later withdrawals. The puzzling feature of 
those observations is that the donors who were treated must 
have been absorbing far more iron than the controls, and 
many times more iron than they can have required for the 
haemoglobin synthesis. These stores of iron were full and 
their serum iron-content was high, and the results only serve 
to emphasize the incompleteness of our knowledge of iron 
metaboh'sm. They should not, however, shake our faith 
in the use of iron salts as therapeutic agents or in the necessity 
for ensuring that infants, pregnant women, and indeed the 
whole population, receive enough of this element for their 
physiological needs. 


Trace Elements 

Zinc, copper and manganese are certainly necessary for 
human nutrition, but there is some doubt about cobalt. 
Sheep and cattle require this element, possibly in connection 
with the micro-flora which they harbour in their intestines. 
The main interest of lead continues to lie in its toxicity. 
The two trace elements which have been most in the nutri- 
tional limelight in recent years are iodine and fluorine. 
Most of the work on fluorine has centred round its capacity 
to induce mottled enamel, and, in optimum doses, to prevent 
caries without disfigurement (Irving, 1941 ; McClendon, 
Foster & Supplee, 1943 ; Deatherage, 1943), A considerable 
amount of goitre still appears to exist in rural England. 
Most of this is thought to be due to an iodine deficiency, and 
it has lately been recommended that table-salt should be 
iodized {Medical Research Council, 1944). 

A curious fact about iodine metabolism has recently been 
investigated (Flexner, Bruger & Member, 1942 ; Bruger & 
Member, 1943). It appears that iodides are selectively con- 
centrated and excreted by the salivary glands of man. It is 
difficult to see any biological value in this, for the iodide will 
only be reabsorbed again lower down the ah'mentary canal. 
These glands \vill not excrete the iodine in /e/rniodophenol- 
phthalein, although of course, the liver selectively does so. 
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NUTRraONAL FACTORS IN DENTAL CARIES AND PARODONTAL DISEASE 
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mankind at some period of their lives. The fact that these 
mouth lesions seldom lead to direct fatality perhaps accounts, 
in some measure, for the relatively slow accumulation of 
knowledge required to -cope with this grave public health 
problem. Their detrimental influence on general health is, 
however, gradually becoming more widely appreciated, and 
this awakening is reflected in the demand for more and more 
investigations designed to discover the ways and means of 
eliminating oral disease. 

Before the last world war, the “ hygienic ” conception of 
dental pathology predominated. Both dental caries and so- 
called pyorrhoea were associated wth dirtiness of the mouth 
and other factors were dismissed as of little account. Caries 
was said to be the result of decalcification of the tooth 
enamel by the acid products of fermenting carbohydrate food 
debris retained about the teeth. Pyorrhoea and other forms 
of gum disease were claimed to be' caused by the putrefaction 
of mainly protein elements of the food, resulting in breakdown 
of the gum-epithelium and the formation of pockets along the 
roots of the teeth, allowing subsequent infection and rare- 
faction of the subjacent alveolar bone. In order to prevent 
such conditions, decreased consumption of white bread, 
sugar, sweets, etc., and a proportionate increased use of so- 
called. “ detergent ” foodstuffs were advised, wth vigorous 
brushing of the teeth and gums as an additional precaution. 
Even to this day, dental health propaganda is largely based on 
these purely theoretical conceptions — and caries and pyor- 
rhoea remain rampant. 

In 1918 M. Mellanby published the first of a series of 
reports on the influence of nutritional factors on the develop- 
ment and structure of the dental tissues and their suscepti- 
bility to disease. Apart altogether from the intrinsic physio- 
logical and pathological significance of Mellanby’s findings, 
a new era of dental research was begun. For the first time 
the experimental method was applied J;o problems of dental 
health, and elaborate theoretical essays based on empirical 
impressions were replaced by verifiable facts. It is possible 
to describe here only a few of the more important results of 
this changed conception of dental science, but in general it 
may be stated that the most outstanding involve the realiza- 
tion that the resistance of the dental and parodontal tissues 
to disease is closely related to those nutritional factors which 
govern the health of the body as a whole. 

Dental Caries 

Miller (1890) showed that test-tube mixtures of saliva 
Nvith brea^ sugar and other high-carbohydrate foodstuS's 
fermented on incubation at body temperature. If an ex- 
tracted tooth were immersed in such mixtures it became 
decalcified by the acid products of the media and assumed an 
appearance somewhat similar to dental caries in vivo. An 
analogous enamel decalcification was postulated as the initial 
phase of caries in the mouth, and from this idea sprang the 
carbohydrate-fermentation hypothesis of caries. Recently, 
however, the original experimental basis for the theory has 
been more critically examined. For example, the in vitro 
lesions in Miller’s form of artificial caries differ considerably 
from those of caries in vivo. In the mouth the most susceptible 
areas of the tooth are its pits and fissures, but in “ test-tube ” 
canes produced by carbohydrate fermentation the first 
regions to be affected are the tips of the cusps and biting 
edge of the tooth — regions where the natural disease never 
begins (King, 1937) ; indeed, the pits and fissures of the 
tooth remain singularly imaffected by the artificial lesions 
until a large area of the rest of the enamel is diflfusely decalci- 
fied. Moreover, it has been shown (P'mcus, 1937, 1939, 
1944) that disintegration of enamel can be induced in vitro 
by the action of certain proteolytic micro-organisms re- 
covered from the mouth and having their optimal activity 
in alkaline surroundings ; and in this instance the initial 
breakdown of enamel does take place in those situations 
where the natural carious process is known to arise'. Not 
only are the pits and fissures of the tooth crown higWy 
susceptible to the disease but there is also a much higher 
proportion of organic material in these areas. “ These facts 
may be of no little significance if eventually it be found that 
the imtial phase of caries is in the form of a lysis of the 
protein elements of enamel rather than a decalcification of 
its inorganic constituents ” {Lancet, 1944). The findings 
may indeed proride a reasonable e.xplanation of the now 
known association between the susceptibility of a tooth to 
decay and the structure of the tissues comprising it, which 


are in turn related to the calcifying properties of the diet. 
The clim'cal investigations of M. Mellanby and her colleagues 
(Dental Disease Committee, 1936 ; M. Mellanby, 1918, 1920, 
1923, 1927, 1929, 1934; Mellanby & Pattison, 1926, 1928, 
1932 ; Mellanby, Pattison & Proud, 1924) and others (Boyd 
& Drain, 1928 ; Boyd, Drain & Nelson, 1929 ; McBeath, 
1932, 1934 ; Anderson, Wilh'atns, Halderson, Summerfeldt 
& Agnew, 1934; Schiotz, 1937; McBeath & Zucker, 1938 ; 
Boyd, 1940, 1943 ; King, 1940a ; McBeath & Verlin, 1942) 
have shown clearly that nutritional factors such as vitamin D 
are of real significance in determining dental health, not only 
during the period of tooth development but even after 
calcification is complete. Further evidence in support of 
these contentions is supph'ed by an investigation in London 
reported during the present year (M. Mellanby & Coumoulos, 
1944). On the other hand, no claim is made that increased 
consumption of foodstuffs rich in vitamin D, calcium and 
phosphorus will do more than reduce the ravages of caries, 
considerable as such a reduction might be. 

Fluorine 

Other factors undoubtedly play a part in the initiation 
and progress of the carious process and recent investigations 
have implicated the element fluorine. Numerous investiga- 
tions have demonstrated that in communities whose drinking 
water contains about 1 part or more per million of fluorine, 
the incidence of dental caries is relatively low (Black, 1916 ; 
McKay, 1929 ; Ainsworth, 1933 ; Dean, 1938 ; Dean, Jay, 
Arnold, McClure & Elvove, 1939; Day, 1940; Sognnaes, 
1940; Dean, Jay, Arnold & Elvove, 1941 ; Wilson, 1941-; 
Murray & Wilson, 1942 ; Weaver, 1944). Indeed, the topical 
application of sodium fluoride to the teeth as a protective 
measure has already been reported (Bibby, 1942), while 
suggestions have also been put forward advising the rein- 
forcement of the public water supply in areas where its 
original content of fluorine is below the 1 part per million 
level (McClure, 1943). That there are, however, stiU other 
factors to be discovered before full protection against caries 
can be. accomplished is indicated by the findings of King 
(1944). A large field of research yet remains untilled 
before the human mouth can be rid of the dreaded fillings, 
forceps and artificial dentures. 

Parodontal Disease 

First it is well to mention that the term “parodontal 
disease ” is here used to cover aU departures from positive 
health of the tissues which surround and support the teeth, 
from very slight reddening and swelling of the gum margin 
to gingival atrophy, bone rarefaction and loosem'ng of the 
teeth. Many aspects of the Etiology and pathology of the 
various forms of parodontal disease remain undiscovered. 
Both local and systemic agencies are involved but, while the 
nature of the former have long been recognized, identification 
of all the systemic factors is far from complete and their 
precise roles in the disease syndrome are still more obscure. 
Realization that food debris and tartar accumulating about 
the necks of the teeth lead to injury of the gum margin, and 
that these conditions are facilitated by irregular alignment or 
traumatic occlusion of the teeth, has led to the development 
of antiseptic and surgical measures designed to eliminate 
traumatic foci in the mouth (Stones, 1932a, 1932b, 1938). 
Such therapeutic procedures, aimed at estabh'shing better 
mouth hygiene, have proved of real value in restricting the 
progress of estabh'shed parodontal disease but unfortunately 
their effects are often only temporary. Moreover, while the 
severity of the lesions may undoubtedly be reduced, complete 
“ normality ” is seldom achieved. Indeed, without regular 
return visits to the dental surgeon for further observation and 
treatment, the ori^nal improvement may not be maintained. 
In other words, in the majority of cases there would appear 
to be some underljing s>-stemic defect or defects which, if 
not determined and corrected, will retard if not prevent 
complete recovery of the affected tissues (King, 1943b). 
Foremost among these systemic disturbances must be placed 
deficient intake or utilizafion of various specific food factors, 
and account should be taken not only of acute vitamin 
deficiency but also of the possible influence of a sub-optimal 
supply of vitamins of relatively short or long duration. 

I'itamin A 

Since 1930 experimental investigations have demonstrated 
that vitamin A is essential for the proper development of 
the dncival epithelium (M. Mellanby, 19e0; King, 19-.0b). 
Deficiency of this vitamin, especially during px-rcital and 
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early post-natal life, was observed to lead to epithelial hyper- 
plasia and increased susceptibility to parodontal disease in 
later life. It was then found that, in the experimental 
animal, vitamin A deficiency also resulted in degeneration of 
the nerves to the jaws (M. Mellanby & King, 1934 ; King,' 
Lewinsky & Stewart, 1938) and to excessive atypical alveolar 
bone, hypercementosis around the tooth roots, and retarded 
eruption with subsequent irregularity of the teeth (King, 
1936 ; H, Mellanby, 1939). The end-result of all these 
changes was hypertrophy and later atrophy of the gingiva:, 
secondary invasion by micro-organisms, parodontal abscesses 
and loosening of the teeth — a series of events not unlike 
those associated with so-called pyorrhoea in man. The 
precise sequence of the changes in experimental A-deficiency 
is still not clear, but there is significant evidence that the 
nerve lesions in other parts of the body (and therefore pre- 
sumably also in the mouth) are the result of compressive 
trauma from abnormal growth of the inner wall of the bony 
channels through which the nerves pass (E. Mellanby, 1938, 
1941, 1943). The epithelial hyperplasia may be due to more 
or less direct stimulation of the epithelial cells, to loss of 
neurotrophic impulses from the degenerating nerve fibres 
supplying the tissue, to a combination of these effects, or to 
some as yet undetermined reaction to the lack of the vitamin 
in question. As regards the use of vitamin A in the preven- 
tion and treatment of human parodontal disease, little 
reliable information is available. On the basis of the animal 
investigations, however, we should be well advised to insist 
on a liberal supply of this food factor in the dietary of the 
expectant and lactating mother, and of her offspring at least 
up to puberty, in order to ensure that the gum epithelium 
and alveolar bone are properly formed. There would also 
seem to be an opening for vitamin A therapy as a supple- 
mentary measure before, during and after the surgical pro- 
cedures employed in the treatment of established disease. 

Nicotinic Acid 

Since 1939 I have obtained some evidence * that the 
nicotinic acid component of the vitamin complex is of 
value in the treatment of ulcerative lesions of the gum (King, 
1940c, 1943a ; King & Francklyn, 1944). In this form of 
disease a fairly widespread superficial necrosis of many other 
irts of the buccal cavity may be seen, but the presence of 
ne or more teeth appears to be an essential condition for its 
ccurrence. The lesions bear no little resemblance to those 
:en in animals receiving diets deficient in the B2 vitamins 
Topping & Fraser, 1939). The precise etiology of ulcerative 
ingivo-stomatitis (Vincent’s disease) in man remains un- 
:ttled, but it is believed that the main pre-disposing agencies 
are local trauma of the gum, depressed general tissue re- 
sistance, often associated with and sometimes due to vitamin 
deficiency, and, coincident with or following these conditions, 
secondary non-specific bacterial action. During the past 
five years I have made detailed records of more than 800 
cases of Vincent’s disease and have personally treated some 
500. In many instances administration of nicotinic acid or 
nicotinamide would seem to exert its beneficial influence by 
stimulating general tissue resistance, perhaps by restoring 
some broken link in the chain of tissue respiratory reactions, 
but supplementary local hygienic measures and sometimes 
tooth extraction are usually necessary to eliminate the trau- 
matic foci and associated proliferation of ansrobic micro- 
organisms. With regard to the possible infectivity of the 
ulcerative lesions much controversy exists, but my own 
opinion, supported by experimental self-induction of the 
characteristic disease (King, 1943), inefines to the view that 
the condition is likely to occur only in persons whose general 
resistance is depressed by defective nutrition or other illness, 
and whose mouths present more or less persistent traumatic 
foci. 

Vitamin C r 

A large number of clinical investigations has been made ot 
the effects of vita min-C therapy on various forms of gingival 
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^ease. Many authors believe that the antiscorbutic vitamm 
is of value in supplementing local hygienic measures (Kramer 
1937 ; Roff & Glazebrook, 1940 ; Campbell & Cook I941 ’• 
Kent, 1943; Stuhl, 1943). On the other hand, cases of 
typical scurvy have been described in which no gum lesions 
could be found (Blackstone, 1942) ; a similar finding was 
reported in the experimentally induced human disease 
(Crandon, Lund & Dill, 1940). Disappointing results have 
also been recorded in the treatment of both ulcerative and 
non-ulcerative gingivitis with a fairly wide range of ascorbic- 
acid dosage (King, 1944). An interesting suggestion re- 
garding the possible benefit of vitamin C in the treatment of 
diseases of the gums is that it may assist in the healing of 
injuries caused by local traumatism (Cook, Davidson, Keay & 
McIntosh, 1944), but the evidence for this is not conclusive. 

Other Nutritional Factors 

No mention has yet been made of nutritional factors such 
as vitamin D, calcium and phosphorus, which are intimately 
connected with the development of bone and other calcified 
tissues. Obviously, deficiency of these food essentials, by 
causing rickets, osteomalacia and allied conditions, will lead 
to the production of defective alveolar bone and crowding of 
the teeth, a state of affairs which would be further accentuated 
by the excessive consumption of cereals having a high phyiic- 
agd content. On the whole, however, most forms of paro- 
dontal disease show their initial lesions in the gum and not 
the bone and, for this and other reasons, further discussion 
of this aspect of nutrition is unnecessary here. In addition 
to those already referred to above, there are, however, a 
number of other vitamins which may play some part in the 
maintenance of parodontal health, more particularly other 
components of the vitamin Bj complex ; but the published 
reports concerning them are confficting. One important 
point of agreement appears to be that in many animals the 
sum of the known vitamin B^ components in their synthetic 
state is by no means as effective as the whole complex in the 
form of less artificial products, such as yeast and fiver prepara- 
tions. This, incidentally, is also in agreement with the ex- 
perience of clinicians in parts of India, Malaya, Africa and 
elsewhere, in the treatment of some types of stomatitis not 
usually encountered in more temperate climates. 

Non-Nutritional Factors 

Brief reference should now be made to systemic factors, 
other than nutritional, which may have a bearing on sus- 
ceptibility of the parodontal tissues to disease. So-called 
“ pregnancy gingivitis ” has often featured in the literature 
and, while its frequent association with nutritional defects 
should not be ignored, there is a certain amount of clinical 
and experimental evidence that sex-hormones may here be 
implicated (Ziskin, Blackberg & Slanetz, 1936 ; Ziskin, 1937, 
1939). Many workers have also commented on the im- 
doubted accentuation of gingival disease in subjects affected 
by diabetes mellitus (Goldstein, 1938 ; Cohen & Rudy, 
1942 ; Rudy & Cohen, 1942 ; Lovestedt & Austin, 1943), 
but this field is still largely unexplored, pother aspect 
of the problem worthy of further study concerns the 
experimental demonstration of an association between 
herpetic viruses and ulcerative lesions of the gum in cMdren 
(Dodd, Boddington & Johnson, 1939 ; Scott & Steigraan, 
1941). Finally, the nature and mode of formation of t^ar 
or oral calculus is of much importance since its deposition 
is related to gingival disease, at least in the lower incisor and 
upper molar regions of the mouth. In this respect ma^ 
interesting observations have already been made (BuIIeid, 
1925; Adamson, 1929a, 1929b; Smith, 1930; Wilkinson, 
1935 ; Glock, Murray & Pincus, 1938), and further 
work may again reveal a connection between local and 
systenuc factors. Indeed, as with dental caries, study 0 
the interplay of local mouth conditions with changes 
in the organism as a whole would seem to offer the most 
promising fine of approach to the whole problem of oral 
disease. 
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DETERMINAIION OF YITAMINS BY PHYSICAL, CHEMICAL AND 
MICROBIOLOGICAL METHODS 

J. R, P. O’BRIEN, M.A., B.Sc. 

Department of Biochemistry, University of Oxford 


Chemical, physical and microbiological estimations of vita- 
mins are rapidly displacing the more tedious yet, as generally 
accredited, more reliable methods of biological assay. This 
is particularly true of that heterogeneous group of accessory 
food factors called the vitamin-B complex. The replace- 
ment of the time-consuming biological methods has originated 
from two developments in the vitamin field. First, the 
isolation and the characterization of the physical and chemical 
properties of Nttamins paved the way for a number of colori- 
metric and physical methods. Then, the finding that many 
factors essential for animals are also neccessary for some 
micro-organisms led to estimation of the factors by their 
growth-promoting effects on the latter. Often, in fact, the 
characterization of a microbial grovsTh-factor has preceded 
the establishment of its need by man. 

However, in their present forms none of the methods of 
vitamin estimation have attained that accuracy which is 
desirable. The chemical methods, which depend upon the 
presence within thejnolecule of a non-specific chemictrl group, 
are limited in their accuracy, and vagaries in the nutritional 
requirements of mien'o-organisms impose a similar limita- 
tion <)n microbiological methods. However, it cmi be said 
that, in general, these methods give values for the vitamin 
content of foodstuffs and tissues which are not far removed 
from those given by the biological methods. For some time 
to come, the more specific animal tests will continue to be 
necessary as a check upon the less specific chemical and 
microbiological tests, but in evaluating these it should not 


be overlooked that there is a wide range of error inherent 
in animal tests. A blind faith in the infallibility of bio-assays 
may easily condemn methods which give the absolute, if not 
the physiologically available, vitamin content of a material. 

War-time circumstances have had some part in the drive 
for the development of precise and rapid methods of vitamin 
determination. Experience of the last war has underlined 
the importance of vitamins in maintaining the nutritional 
status of the military’ and civilian population. Nor has the 
nutritional element been forgotten in the treatment of disease 
and of war casualties. In several ways analytical methods 
have helped to assure the vitamin intake of the individual. 
In checking the vitamin contents of natural and fortified 
foodstuffs, for estimafion of the daily intake of vitamins, 
they have been used extensively. They have provided the 
means for numerous tests which, however inadequate they 
may be, seek to measure a person’s nutritional status. No 
attempt will here be made to detail the methods in use or to 
exemplify the general applicability of any one method in the 
analysis of foodstuffs, tissues, blood and urine. For, oflcn, 
the use of a method of proved value in the analysis of one 
foodstufi" has not been fully e.xplored in that of others. 

General Considerations 

It is particularly the water-soluble vitamins which have 
lent themselves to rapid estimation. Of these, aneurin and 
ascorbic acid, the first to be isolated, have received greattot 
attention ; publications on the assay of vitamin C probably 
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exceed in number those on all the other vitamins. Of the 
fat-soluble factors, vitamin A can be estimated with cer- 
tainty ; for vitamin D there are promising methods and, for 
vitamins K and F, methods more in the developmental than 
finished stages are available. 

Most of the vitamins are present in a combined form in 
tissues. Aneurin exists almost exclusively as a pyrophos- 
phate in mammalian tissue (Ochoa & Peters, 1938). Nico- 
tinamide is an integral part of the co-dehydrogenases, and 
riboflavin is a component of the flavoprotein enzymes. 
There is evidence for the combination of pyroxidin and 
pantothenic acid with protein. Vitamin A tends to exist 
in the esterified condition. 

The existence of these combined forms necessitates, in 
most methods, liberation of the vitamin by chemical or 
enzymatic hydrolysis. In one or two instances the bound 
form can be estimated. For aneurin pyrophosphate Ochoa 
& Peters introduced a method, based upon the measurement 
of the CO, formed by the action of the pyrophosphate and 
carboxylase upon pyruvic acid, so delicate that amounts of 
0.01 [xg. could be determined. Estimations of this kind are 
important, as they determine the vitamin in a form in which 
it is biochemically active. Co-dehydrogenase 1 can be 
assessed by its gro\vth-promoting effect upon Haimophiltts 
influenzee. 

No method for vitamin assay has yet reached perfection. 
Each one seems to have its advantages and weaknesses. 
The chemical methods lack the specificity of the biological, 
although they yield highly reproducible results. Methods 
which measure the intensity of fluorescence of a vitamin or 
its derivatives must take into consideration the phenomena 
of quenching ; changes of fluorescence with pH ; substances 
acting as light-filters ; and the peculiarities of the chosen 
apparatus. It is clear that, for precision, fluorimetiy demands 
close attention to experimental conditions. Measurements of 
the absorption-spectra of vitamins yield accurate results when 
careful standardization of the instrument and experimental 
conditions have been made and relatively pure substances 
are used. 

In microbiological determinations, the great care needed 
in deciding the growth-medium is emphasized by the frequent 
modifications which are introduced to improve the method. 
For example, the specificity of an organism may be reduced 
by its growth-response to derivatives of vitamins ; or the 
growth of the organism may be influenced by unsuspected 
toxins in the test solution. To avoid these difficulties it 
would appear most satisfactory to concentrate upon the use 
of a few selected organisms. Among these should be in- 
cluded Lactobacillus casei. Introduced by Snell & Strong 
(1939) for the microbiological assay of riboflavin, this 
organism has been shown, as a result of replacing peptone 
and yeast-extract by pure substances, to need a large number 
of factors and amino-acids for its growth. In fact, it is 
claimed that Lactobacillus casei may be used for the analysis 
of six B-vitamins : pyridoxine, riboflavin, biotin, panto- 
thenic acid, “ folic acid,” and nicotinic acid (Tandy & 
Dicken, 1942). 


B-Vitamins 

Aneurin : The first colorimetric estimation of aneurin was 
that of Kinnersley & Peters (1927, 1934), vvho found that in 
moderately alkaline conditions the vitamin gave a pink 
colour with diazotized sulphanilic acid, which could be 
stabilized' by formaldehyde. A modification of this test was 
developed by Prebluda & McCollum (1936, 1939), who 
used diazotized /j-aminoacetophenone. With improvements, 
this method has been used for the estimation of the aneurin 
content of national flours and bread (Platt & Clock, 1943). 
A hydrochloric-acid extract of the flour is treated with 
superfiltrol, upon which the vitamin is adsorbed. The 
washed adsorbate is treated with the diazo reagent, and the 
resulting dye is extracted with toluene. For flours and bread 
this procedure gave values in good agreement with those 
obtained by biological and fluorimetric methods {Medical 
Research Council, 1943). It remains to be seen whether it 
is applicable to other materials. 

A popular method for aneurin analysis originated from 
the observation of Peters (1935) that oxidation caused the 
production of blue fluorescent substances from the vitamin 
The product of the oxidation, called thiochrome, was isolated 
and synthesized by Todd, Bergel, Fraei^el-Comat & Jacob 
(1936). In 1936 Jansen adapted the oxidative formation of 
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thiochrome to the determination of aneurin. From that 
time his method has been subjected to numerous improve- 
ments and used widely in the analysis of foodstuffs and, in 
urine, in the so-called aneurin-saturation tests. Many 
materials must be treated initially with pepsin or takaphos- 
phatase to free the aneurin from its combined forms. Purifi- 
cation -of the extracts can be effected by adsorption of the 
vitamin upon decalso, a synthetic aluminium silicate, from 
which it is eluted by KCl solutions. Oxidation is achieved 
by alkaline ferricyanide and the thiochrome is extracted 
with wobutanol. The fluorescence-intensity of thiochrome 
can be estimated by matching visually against standards or 
by the Spekker fluorimeter. The method is not without its 
difficulties ; one of which is the frequent occurrence of 
blue-fluorescent substance in tissues, another, the oxidative 
procedure. Its sensitivity is great. In the ingenious method 
of Hinton (1943), 0-05 gg. aneurin in cereal extracts can be 
determined with an error of ± 3 %. The value of this 
method in those cases where only 1-50 mg. of material are 
available, is illustrated by Hinton’s (1944) study of wheat 
grains in which 59 % of the aneurin is localized in the 
scutellum. 

As early as 1919, Williams suggested the use of yeast- 
growth as a means of assay of aneurin. Two microbiological 
methods may be considered sufficiently reliable to warrant 
mention : (o) the growth of Phycomyces blakesleeanus 

(Schopfer & Jung, 1937 ; Meiklejohn, 1937 ; Sinclair, 
1938, 1939) ; (6) the fermentation of yeast (Atkin, Schultz & 
Frey, 1939). The growth of phycomyces is extremely sensi- 
tive to minute amounts of aneurin and, at present, it provides 
the only satisfactory means we have for gauging the level of 
aneurin in blood. To appreciate its lirm'tations, the various 
papers of Sinclair (1938, 1939) should be consulted. Equally 
sensitive is the method of Atldn et al. (1939). It is based on 
the measurement of the rate of fermentation of sugar by 
yeast, using a Warburg or similar apparatus. With flours 
and bread it gives results as good as those obtained by other 
methods. 


Riboflavin : This vitamin has a yellow-green colour and 
an intense yellow-green fluorescence. This property has 
been used in several methods for the determination of the 
vitamin. Yet fluorimetry does not appear to have gained 
the favour that investigators have bestowed upon the micro- 
biological method. This is probably because no easy 
means have yet been found which, at the same time, effect 
a concentration of the vitamin and separate it from the 
substances interfering Nvith its fluorescence. From the 
success which has attended the use of non-aqueous solvents 
and adsorbents in the isolation of riboflavin from urine 
(Najjar, 1941) and wheats, bread and milk (Barton-Wright 
& Booth, 1943), a more extensive use of the fluorimetric 
method is predictable. 

At the moment, the microbiological method seems the 
more hopeful, and comparison of results with those obtained 
by biological methods, shows that they are almost as reliable. 
Lactobacillus casei is the organism ordinarily used. Under 
carefully standardized conditions, the growth of the organism 
is proportional to the concentration of riboflavin, and can 
be measured by titration of the amount of acid formed by 
the organism. Applied to the assessment of the daily intake 
of riboflavin of military personnel and workers, the method 
has shown that the daily consumption of riboflavin approaches 


Nicotinic acid : Most chemical methods for the estimation 
>f nicotinic acid are based upon Kdnig’s reaction. The pro- 
luct of the rupture of the pyridine ring is condensed with 
I primary aromatic amine (aniline, p-aminoacetophenone, 
netol), to give a polymethine dye (Melnick & Field, 1940 ; 
larris & Raymond, 1939; Kodicek, 1940; Bandier, 
939). The methods are considered specific for nicotimc 
,cid ; pyroxidin, another pyridine compound, does not give 
Conig’s reaction. Natural pigments are a source of inter- 
erence with the measurement of the coloured dye, and in 
ilant-materials erroneous results arise from chromogens and 
>yridine-like substances. The method has permitted ^ 
rider survey of the distribution of nicotinic acid in foodstutis 
han the biological tests, for which the dog is the most 

uitable animal. , , 

Application of the method to blood, where ine g 
lart of the vitamin is in the erythrocytes, sugges s 
jvel of nicotinic acid is not a good criterion o nu n i 
tatus (Carter & O’Brien, .npublished observations). In 



fact, little difference has been found in the blood nicotinic- 
acid of normals and pellagrins. It is possible that a more 
suitable means of studying nicotinic-acid deficiency lies in 
the estimation of nicotinamide methochloride (Najjar & 
Wood, 1940; Huff & Perlzweig, 1943 ; Ellinger& Coulson, 
1943). The elimination of this substance in the urine is 
dependent upon the amount of nicotinic acid in the diet, 
although it may also be related to the availability of methyl 
dontors in the body (Ellinger & Coulson, 1944). In 
general, the results of the chemical and microbiological 
methods are in agreement. Lactobacillus easel and Lacto- 
bacillus arabinosus are preferable to other organisms for the 
assay of free nicotinic acid. While improvements are still 
being made in the medium to enhance the response of the 
organisms ter nicotinic acid, it is inadvisable at present to 
recommend any particular technique. 

Pyroxidin ; Pantothenic acid : There is no strong evidence 
pointing to an important role in human nutrition of either 
pyroxidin or pantothenic acid, although the detrimental 
effects of their absence from the diet of the rat are welt 
established. Only a brief mention of some of the methods 
used in their determination will therefore be made. In 
%'irtue of its phenolic group, pyroxidin gives a blue colour 
wth di-halogen quinone chlorimides, due to the formation 
of indophenols (Scudi, Koones & Keresztesy, 1940). On 
this reaction is based a method of estimation which has 
been applied to foodstuffs. Microbiologically, pyroxidin 
can be assayed by its growth-promoting effects upon Lacto- 
bacillus casei, Saccharomyces cerevisiie (Williams, Eakin & 
McMahan, 1941), or the mould Neurospora sitopbila (Stokes, 
Larsen, Woodward & Foster, 1943). Modifications have 
been necessary to obtain better agreement between these 
tests and the biological tests when they are apph'ed to natural 
materials. It cannot be said that the tests have reached 
their final forms. 

It is too early to judge the value of the methods of assay 
of pantothenic acid. Its identification as one of the growth- 
factors of yeast naturally suggested that its growth-stimulating 
power upon bacteria would provide a suitable means for 
its assay. For this purpose Lactobacillus casei has been 
employed for the measurement of the jantothenate content 
of tissues and foodstuffs. In -blood, pantothenate would 
appear to exist in a free condition and also bound to protein, 
from which it must be freed by acid hydrolysis to be rendered 
available for microbiological estimation. 


Ascorbic Acid 

Plants can synthesize ascorbic acid with remarkable ease. 
So far no bacterium has been found which requires vitamin 
C for its growth. This vitamin can be estimated by several 
chemical methods, which draw upon the reduction of dyes. 
It was Zilva (1927) who first found that certain concentrates 
of the vitamin reduced phenolindophenol. But it is upon 
Tillmans’ (1930) observation that the capacity of foodstuffs to 
reduce 2 : 6 dichlorphenolindophenol ran roughly parallel to 
their antiscorbutic potencies, that present methods are based. 
The method consists in titrating the vitamin-C extracts, 
usually made \vith metaphosphoric acid, with Tillmans’ dye, 
and it has been used to determine urinary elimination of the 
vitamin and its level in plasma and leucocytes. Most of 
these determinations have as their object an assessment of 
the nutritional status of the individual as regards vitamin C. 
^though they have given valuable information, still further 
knowledge is required, not only for their proper interpreta- 
tion, but also for their absolute evaluation. 

Since the time of Tillmans’ discovery, numerous modifi- 
cations of the dichlorindophenol method have been made 
to render it more accurate in the ascorbic-acid assay 
of foodstuffs. The chief object of most of them is to 
circumvent the interference of other substances which 
reduce the dye. Among these compounds are irOn and 
stannous salts, sulphides and thiosulphates. - More im- 
portant are biological compounds like cysteine and certain 
cne-diols, including reductones and reductic acid, which, 
in their chemical behaviour, are difficult to distinguish 

rom ascorbic acid. These substances occur in caramelized 
and fermented products. Reductone can be produced by 
alkaline treatment of glucose and other sugars. The for- 
mation of this substance may not occur when foodstuffs 
are heated, but other substances of a “ reductone ” type 


may arise when sugar is heated to a pH of 5-4, and in de- 
hydrated foodstuffs submitted to heat treatment. 

For some time after Tillmans’ introduction of 2 ; 6 di- 
chlorphenolindophenol, doubt of the reliability of dye methods 
lay juried beneath the abundant evidence of the good agree- 
ment between this chemical method and the animal tests 
upon a variety of foodstuffs. It is now clear that in many 
commercial products due allowance must be made for 
reductones and like substances. An interesting observation 
of Lugg (1942) of Australia suggests a possible means of 
differentiation between ascorbic acid and other indophenol- 
reducing substances by their different rates of reaction with 
formaldehyde at different pHs. Mapson (1943) introduced a 
modification of the above procedure with the object of 
dealing particularly with the elimination of reductones. 
Lugg’s principle has been under critical observation by Snow 
& Zilva (1943, 1944), who point out its limitations when 
apph’ed to the estimation of ascorbic acid. 

A note on the method of ascertaining the end of the 
oxidation of the dye-stuff with ascorbic acid is perhaps 
worth while. This may be achieved by usual observation 
of the end-point in the titration of dye with vitamin, or 
photometrically, or electro-chemically. The last has the 
advantage of permitting titration to be made with coloured 
fluids. 

Another complication to be considered in estimating 
ascorbic acid lies in our ignorance of the amount of dehydro- 
ascorbic acid in tissues. In fresh fruits, vegetables, blood 
and urine, dehydroascorblc acid has been considered to be 
present in negligible quantities. It has usually been esti- 
mated as ascorbic acid in materials which have been gassed 
previously with hydrogen sulphide. This reductive procedure 
is not very attractive. It is tedious and creates false values 
for dehydroascorblc acid by the formation of additional 
reducing substances. Dehydroascorblc acid, however, yields 
an hydrazone with 2 : 4 dinitrophenylhydrazine. Roe & 
Kuether (1943) have applied this reaction to the determination 
of dehydroascorblc acid and ascorbic acid in blood and 
urine. Compared with other methods, Roe’s procedure 
gives similar results for ascorbic acid. In fact, the method 
gives the same result as the titrimetric and the photometric, 
from which it would appear that pyruvic acid and glucose 
interfere only slightly (Higgins & O’Brien, unpublished 
observations). Blood and urine lack the complexity of 
plants and processed materials, in which reductones and 
other interfering substances are found. This may impose a 
limitation to a general appb’cation of Roe’s method. 


Vitamin A 

In addition to biological assay, two methods, one physical 
;nd the other chemical, arc in general use for the estimation 
(f vitamin A. Introduced by Drummond & Morton (1929), 
he physical method has as its basis a property of vitamin A 
oncentrates, namely a selective adsorption in the ultraviolet 
>and with a maximum at 328 m;ji. Its accuracy is well 
■ttested by many workers, but hardly compensates for the 
ime which its intricate and expensive apparatus demands 
or an estimation. Accordingly a preference has developed 
or colorimetric and photometric methods. Pursuing the 
ibservations of Rosenheim & Drummond (1925), who 
howed that vitamin-A-rich oils gave colours with arsenic 
richloride and trichloracetic acid, Carr & Pnee 0926) 
ound that a blue compound was formed by such oils Md 
ntimony trichloride in chloroform. This colour w^ch is 
iue to a light-absorption at 617-620 ma and 580 585 m^ 
ould be matched with the standard glasses of the Lowbond 
'intometer. 

The Carr-Price reaction led to the development of several 
omparative methods. They are all open to eraors who^ 
curves lie in differences between the Iight-absorption of 
a) the colour standard or glasses and (b) the unknown 
he difficulties of visual matching ; non-Iinear relationship 
if the vitamin A concentration and reading, and so on. 
ihey have a further weakness in that they do not permit 
hat speed of manipulation so necessary for dealing with 
he rapid fading of the blue colour. 

The introduction of the photo-electric 
he type designed by Evelsn. Yudkin and 
everal of the objections of the colonmetnc m.tho _. 
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Ijhoto-electric absorptiometers have advantages, in the speed 
at which measurements can be made, and in an objectivity 
which eliminates the personal factor. Their applicability 
can be extended by the choice of filters. By the use of 
filters isolating a narrow spectral band coincident with that 
of the maximum absorption at 620 mfi. of the blue colour of 
vitamin A and antimony trichloride, or with that of the 
yellow colour of carotene, both substances can be estimated 
in the same oil or extract. The sensitivity of such instru- 
ments is such that determinations on 3 ml. of plasma are 
possible with an error of ±5 %. 

With blood plasma, it would appear inadvisable to free 
the carotenoids by preliminary alkaline hydrolysis. This 
treatment causes low results, probably on account of des- 
truction of the polyenes. Ether-extraction of the plasma 
after precipitation with alcohols ensures also complete 
removal of the carotenoids. The yellow petroleum ether 
extracts are then used for the .determination. Even when 
great care is taken in the preparation of antimony trichloride 
reagent, and in rigid standardisation of the conditions of 
estimation, fading of the blue, wth the small amounts of pig- 
ments in the extracts, constitutes a problem. Urban, Milder 
& Carruthers (1943) recommend that photo-electric measure- 
ments of blue colour of vitamin A and carotene with SbClj 
should be made at 0°, a temperature at which the rate of fading 
is considerably reduced. From a study of the rate of fading, 
Hoch (1943) has been able to apply corrections to his values 
for vitamln-A concentration. By photographing the reaction- 
mixture with light of a selected wave-length range, he was 
able to measure the antimony-trichloride ; vitamin-A 
colour within 2 seconds of the addition of the reagent to the 
vitamin. In this way it is possible to analyse the carotene 
and vitamin content of 0*1 ml. or less of serum — the amount 
obtained with a finger prick. This method may prove 
valuable in vitamin-A estimations upon the blood of infants 
or small animals. 
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Vitamin D 

In the rase of other fat-soluble vitamins, among which 
the vitamins D rank first in importance, no particular 
methods of determination have gained general approval. Bio- 
assay still remains the most reliable means of determining the 
antirachitic potency of natural products. Nevertheless 
physicochemical technique combined with chromatography 
may resolve many of the obstacles to the development of a 
method more rapid than, but as satisfactory as, the biological. 
The amount of vitamin D is highly variable in oils and, with 
all of them, particularly the less potent, a preliminaiy step 
in most methods has been a concentration of the vitamin in 
a non-saponifiable fraction. With such fractions, spectro- 
photometric and colorimetric analyses are vitiated by the 
presence of sterols, such as cholesterol or 7-dehydrochole- 
sterol, and of vitamin A. Of several colour reactions for 
vitamin D, the one with antimony trichloride is most pro- 
mising. Especially is this the rase when the reagent is 
prepared by the solution of anhydrous SbClj in purified 
chloroform to which has been added acetyl chloride. As 
little as 2 |ig. of vitamin D added to this mixture produces 
a yellow colour with a maximum absorption at 500 mfi. 

The reaction has been used by Ewing, Kingsley, Brown & 
Emmet (1943) in a procedure of some interest. By chroma- 
tographic adsorption upon superfiltrol, the vitamin D and 
sterols are freed from vitamin A ; a second chromatographic 
adsorption separates vitamin D from the sterols. Deter- 
minations of the extinction coefficient, e| ^ at 500 m[jt for 
the products of reaction of the mbrture of sterols plus vitamin, 
and of the sterols alone, yield values from which the vitamin- 
D concentration ran be computed by difference. Despite 
its lengthy procedure, the method gives results in agreement 
with those of biological assay. It does appear to repre- 
sent real progress towards a method satisfactory for the 
analysis of oils and of natural and fortified milks. 
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SOME PRINCIPLES OF WAR-UME FOOD POLICY 
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When Great Britain was involved in war in 1939, the first 
plans of the Ministry of Food at that time tacitly assumed 
that supplies of the foods then being eaten would contmue 
and that, subject to the guarantee of a m'mmum share of 
-those items which were scarce, the public could be left to 
choose its own diet. Very soon, however, it became apparent 


ome more rational food pohey would have to be adopted 
,nly a few weeks before the fall of France an mfelhgent 
wi drawn up based on nutritional 
I sdentilio basis of this plan has “"fS 

shout the war. That is to say, the national <ne^ 
iTr deriled from home-groivn items or from imported 
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commodities, has been based on the pro\asion of food calcu- 
lated to allow sufficient nutrients per head of the population 
for adequate health, wth a free carbohydrate Intake to 
supplement individual needs. 

We now can draw up a table showing the average needs 
for each of ten or twelve separate nutrients for each different 
class of individual making up the population. Furthermore, 
it is possible to compile a table showing the nutrient com- 
position of the foodstuffs which enter into the national diet. 
Thus, on the basis of these two lines of approach, an adequate 
food policy can be established. In considering this policy 
it is, perhaps, easiest to take each of several nutrient factors 
separately. 

Calories 

The energy value of a diet, c.xpressed as calories, is in some 
respects the nutrient concept of most fundamental import- 
ance. To say that a man is not getting his calorie needs is 
to say that he is hungry’. People can live for a very long 
time with too little to eat, but they will suffer. Muscular 
efficiency, and with it the capacity for industrial work, will 
be affected. The alertness and vigour of the population rvill 
decrease and there will be a loss of weight. 

All foods proride energy for the body. ‘ The staple energy- 
foods are, however, cereals and potatoes, although, owing to 
the high proportion of water in potatoes, bread is, weight for 
weight, three times as good a source of calories. In the 
same rank as cereals comes sugar. Finally, more than twice 
as concentrated as any other food, fats are the richest of all 
sources of calories. 

As the physiological need for calories is dependent on the 
amount of physical work a man does, and as the require- 
ment immediately changes if an individual finds himself, if 
only for a short period, doing work of unaccustomed actirity, 
the strict rationing and control of ralories is difficult. The 
British policy has been, therefore, "to provide for an unre- 
stricted consumption of bread and potatoes. The Germans 
were forced to introduce a complicated rationing scheme for 
calories at an early stage in the war, principally because their 
nutritional position was less secure than that of the British. 
There is always an element of danger- in a food plan when 
people do not have a cheap and unrestricted supply of an 
“ energy ” food. 

Two periods in war-time food administration in the United 
Kingdom throw an interesting light on the national calorie 
consumption. Although cheap bread and potatoes have 
always been available in the shops, there is little doubt that, 
during the winter of 1940 and the early spring of 1941, people 
tended to eat food of insufficient calorie value and in those 
cases there was a loss of weight. This under-consumption 
of food was due to the fact that the diet was, although 
reasonably adequate nutritionally, uninteresting and lacking 
m N-ariety. When more variety could be introduced, follorring 
the passage of the U.S.A. “ Lease-Lend ” enactment, the 
situarion improved. The second period of strain on the 
calorie situation came about a year later. At this time, the 
snipping situation had become so serious that the possibility 
of not being able to continue to allow imrestricted bread 
consumption had to be faced, and a detailed plan for bread 
rationing was worked out. Fortunately the supply position 
improved and this fear was dispelled. 

A number of expedients have been adopted during the 
course of the war to maintain the supply of calories. As 
sramds can never produce the amoimt of food equal to the 
calorific TOlue of the crops which might be grorvn on the 
same area, extensive tracts of country were ploughed up and 
"heat and other cereals which could be used in bread were 
on them. A large increase also occurred in the pro- 
duction of potatoes. Between 193S/39 and 1942/43, it was 
the increase in home-grown calories amounted 
.? Similar in principle to the transfer of land from 

e feeding of animals to the direct feeding of men, was the 
s^or human food of a proportion of grain offals normally 
used as fodder. Before the war, 72% of the wheat was 
wtracted in the production of flour. Immediately tlie war 
extraction was increased to 75 %. At the end of 
, however, when Japan made her attack, it was decided 
use 85 % of the grain for human food, 
n parallel with the changes made to increase the produc- 
n of calorics at home, great efforts were made to import 
economically from abroad. By June, 1943, although 
amount of foodstuffs imported had been reduced by 


50 % the amount of calories imported was reduced by only 
15 %. This result was largely achieved by a heavy reduction 
in the tonnage of animal feeding stuffs imported, and the 
choice of more concentrated items in place of bulky foods 
such as fruit. Meat W'as imported boneless or canned, and 
milk and eggs were brought in the dried state. 

Fat 

The amount of fat available in the diet has an important 
bearing on calorie consumption. Fat is the most concen- 
trated of all sources of energy ; when there is a shortage of 
fat, it is inevitable, therefore, that the bulkiness of the day’s 
food must increase. Dietary fat can be classified under two 
heads ; “ visible ” fat can be said to comprise such things 
as butter, margarine and cooking fat ; “ invisible ” fat will 
include the cream in milk and the fat in bacon and meat. 
During war-time, fat is hard to get and it may be advisable 
to sacrifice “ invisible ” fat in order to maintain a reasonable 
supply of “ visible ” fat for cooking and other purposes. 
In Britain, butler, margarine and cooking fat are rationed, 
and it has been possible to keep the total ration steady. 
But, while it has not been found necessary to go to the 
length adopted by the Germans, who have to skim their milk 
in order to maintain supplies of butter, a certain amount of 
“ invisible ” fat, mostly from meat, has been used to increase 
the supplies of “ visible ” fat. 

The total amount of fat, “ visible ” and “ invisible,” 
available per day per head of the population was calculated 
to be 131 g. before the war. At the end of 1940, the figure 
had fallen to 1 1 5 g. and, by the second quarter of 1 941, it had 
reached 104 g. per head per day. This was one of the worst 
periods of the war with respect to food suppliM. By the 
end of 1943, the figure for fat was about II 1 g. It can thus 
be seen that the reduction in total fats in the diet amounted 
to 21 % in 1941 and that the more recent figures represent a 
15 % reduction on the pre-war level. As one of the most 
important nutritional functions of fat is to provide calories 
in a compact form, it is very difficult to fix scientifically a 
minimum for the national diet, as a reduction in calories from 
fat could be made good by an increase in calories from, say, 
bread. The figures for fat consumption given above, in fact, 
represent more than 30 % of the diet’s calories, which is a 
value sometimes thought to be physiologically desirable. It 
is, however, true that, when the amount of fat fell as low as 
it did in 1941, the diet became correspondingly unpalatable 
and bulky. 'ITiis bulkiness may, under some circumstances, 
be crucial. For example, children who have high calorie 
needs and comparatively small stomachs may not be able to 
eat an adequate diet, even if it is put before them, if it is unduly 
bulky. For this reason, the allocation of fat permitted by the 
Ministry of Food for school meals has always been greater 
than that permitted for any other type of catering. 

Protein 

“ If you look after the calories, protein will look after 
itself.” This remark of Starling’s is broadly true when the 
total protein in the diet is considered. It is true because, in 
war-time, almost every food contains a proportion of protein 
sufficient in the aggregate to give 1 g. of protein per kg. of 
body weight, which is usually accepted as a rough guide to 
an adult’s needs. 

A fraction ofthe total protein supply which is of especial 
pjiysiological importance is that derived from animal foods. 

In the pre-war years, a steep gradation existed in the 
amounts of the most important sources of animal protein, 
milk, meat and ex en cheese, eaten by the rich and by the poor. 
The Ministrj' of Food imposed a uniform ration of meat, 
bacon and cheese for the whole adult population. Milk and 
eges were also distributed as evenly as possible to adults. 
In'order, however, to provide mothers and youi.g children 
with an increased supply of animal protein, for which they 
have a specific physiological need, a priority allowance ofmil!. 
was made under the National Milk Scheme for there groups. 

A prior claim on eggs was also established. .An important 
aspect of mflk distribution -.is a great e.xpan 5 :on of t.=c 
“Milk in Schools ” schen.c. There measu'es were aimed 
to distribute the available animal protein evenly 
population, except in the case of those inaiMduae. v ..ore 
phvsiolotdcai needs demanded more. ^ 

Bv itz beainninc of ’941, however, naticaai .-uppliK o. 
animal protein seemed almost inadequate for the ' atiottal 
n-ds. \\hen Lherefore, the U.S. were able to -c: a c-.-.-e 
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of food under Lease-Lend, an urgent request was made for 
supplies of canned meat and fish, cheese, dried milk and 
dried eggs, all of which were intended to stabilise the situation 
in respect to animal protein. 

Calcium 

One of the most consistent deficiencies in the pre-war 
British diet was a shortage of calcium. Much of this shortage 
was due to disparities in the consumption of milk and, 
indeed, to the consumption over the country as a whole of 
too little milk. In the years immediately before the war 
attempts were being made to increase the total amount of 
milk drunk, and it was the deliberate policy ofrihe Ministry 
of Food to continue these efforts even during the difficult 
war-time period. Since 1939 the total consumption of liquid 
milk has risen 28 %. Because of the organization of general 
distribution, and because of the priority claims of expectant 
and nursing mothers and of children, the consumption among 
some sections of the wealthier has fallen, but there can be no 
doubt that the operation of these plans has tended to improve 
the nutrition of the country as a whole. It has certainly 
effected a general improvement in the figures for calcium 
intake. 

Subsidiary to the emphasis on milk as such, there has been 
a recognition by the Government of the nutritive importance 
of cheese and dried separated milk. These products not 
only provide good protein but are also sources of calcium 
and riboflavin. Every effort has been made to introduce the 
maximum proportion of these foods into the diet. The 
distribution of cheese is principally made by means of the 
standard ration equal for all. Part of the dried separated 
milk supply is directed to children, who have high calcium 
needs, by encouraging its use in the preparation of school 
meals. It is also distributed as National Household milk to 
hospitals and other institutions. 

Perhaps the most important step to improve the calcium 
content of the diet has been its incorporation, as chalk, in 
bread. One of the disadvantages of extracting, in the process 
of milling, an increased proportion of the grain for human 
consumption, is that the amount of phytic acid present in 
the loaf is increased. Phytic acid is derived from the outer 
layers of cereal grains and possesses the unfortunate property 
of rendering a proportion of dietary calcium unavailable to 
the body. The addition of calcium to National flour was 
^ culated to neutralize this effect and to improve calcium 
ntakes. In April, 1942, the Ministry of Food imposed on 
millers the obligation to add 7 ounces [about 200 g.] of chalk 
(creta preparata) per sack of 280 pounds [about 130 kg.] of 
85 % wheatmeal flour. This addition represents a supplement 
of about 180 mg. of calcium to the average daily intake. 

The consumption of green vegetables, which has been so 
greatly encouraged during the war, also serves to increase 
the calcium intake. 


Iron 

The restriction in supplies of meat might have been expected 
to reduce still further the deficiency in iron among poorer 
people. The first step to prevent such an occurrence was 
the uniform rationing of available meat. Next, the change 
in the character of the bread caused an increase in supplies 
of dietary iron, and, finally, an increased consumption of 
green vegetables did the same. The introduction of 85 %- 
extraction flour made a substantial addition to the iron 
content of war-time diets. This National Wheatmeal contains 
about 10 mg. of iron per pound [about 0-454 kg.], whereas 
the pre-war type of white flour contained about 5 mg. per 
pound. 

Vitamin A 

Although a great deal of research has been done on vitamin 
A since its discovery in 1913, it is not possible to be dogmatic 
about the quantities required in the diet. It is known, for 
example, that the dietary allowance need not be so great if 
all the vitamin A is derived from animal sources and, on 
the contrary, if the vitamin activity is derived largely from 
vegetable foods the requirement will probably be more. • In 
spite of this element of doubt as to quantitative needs which, 
for that matter, extends to other vitamins, it is likely that 
deficiency of vitamin A was widespread in pre-war British 
diets. Unfortunately, it has not proved possible entirely to 
rectify the situation. Several steps have been taken to 
provide vitamin A in the war-time diet. The vitamin has 


been incorporated in margarine to the extent of about 500 
international units per ounce [about 28 g.]. The encourace 
ment of the consumption of green vegetables has in part bwn 
proposed in order to increase the intake of vitamin A. Atnone 
the best vegetable sources of vitamin A is, however, the carrot 
and the production of this vegetable has consistently been 
increased and its consumption encouraged. Another source 
of vitamin A to which special attention has been directed 
is dried egg, which has been a notable war-time development 
All these foods are intended to maintain the diet of the 
adult population. Young children, however, cannot be 
expected to eat large amounts of green vegetables and carrots. 
For those below the age of 5 a special issue of cod-liver oil 
has been made available. This oil, put out by the Ministry 
of Food, has a minimum vitamin A content of 1000 inter- 
national units per g. Although foodstuffs had previously 
been distributed to satisfy specific nutritional needs, and in 
this connection milk-issues and the provision of school meals 
to necessitous children will be remembered, the provision of 
a vitamin concentrate such as cod-liver oil to infants and 
young children is probably the first example of the distribu- 
tion of a specific nutrient without distinction to all those who 
have a special need for it. Besides young children, pregnant 
and lactating women have been provided with a national 
issue of a vitamin-A concentrate. 


Vitamin Bj 

Early in the war there was a proposal to add synthetic 
vitamin Bj to flour in order to overcome a bad deficiency in 
the pre-war diet of the poorer people. This plan was being 
put into effect when, early in 1942, the shipping situation 
became so threatening that it became necessary to raise the 
rate of extraction of flour to 85 %. The result of this change 
in milling practice was to increase markedly the vitamin Bi 
of the national diet. Vitamin B^ is concerned in the utiliza- 
tion of carbohydrate in the body. In peace time there are 
two important carbohydrate foods which do not contain 
within themselves sufficient of the vitamin for their own 
utilization and which thus combine to cause a net deficiency 
in the diet. These are white flour and sugar. Under war- 
time control, the amount of sugar in the diet was radically 
restricted, and the change in milling practice now' converted 
flour from a vitamin Bj liability into an asset. National 
wheatmeal (85 % extraction) contains approximately 1-3 mg. 
of vitamin B^ per pound, as compared with pre-war white 
flours \vith about 0-5 mg. per pound. 


Vitamin C 


As a result of the shortage of ships in 1940, it was decided 
to dispense with imports of fruit, which form a bulky and 
wastefiil cargo, and to depend, instead, for vitamin C on 
potatoes and other vegetables. The area of land available 
for vegetable production was, of course, limited and, while 
considerations such as hardiness to the weather, cropping 
season, perishability and national taste w'ere given some 
degree of weight in planning the type and amount of the 
vegetables to be grown, the principle which finally influenced 
the acreage for any vegetable w'as the nutritional value of 


:ach crop. 

Vegetables are perishable commodities and the yield from 
;hem often varies widely from season to season. It is, 
fierefore, very difficult to regulate their distribution with 
iny degree of precision. In order to implement the nutri- 
ional policy of depending on potatoes and green vegetables 
or vitamin C and a proportion of vitamin A, the Government 
jf the United Kingdom controlled prices. In addition, 
lowever, they gave every encouragement to the domestic 
jroduction of vegetables in gardens and allotments. Much 
mblicity and quite detailed instructions were issued so that 
he individual gardener might make the best use of what little 
and was available to him. These domestic instructions, in 
)arallel with the national directions to the farming cornmunity , 
vere devised to produce supplies of vitamin C and vitamin A 

ill the year round. ^ 

Vegetables, while they can provide adequate amounts oi 
dtamin C in the diet of an adult, must be eaten in com- 
jaratively large quantities if they are to do so. They are not, 
herefore, suitable as the sole sources of the vitamin tor 
nfants and young children. In order to supply this nutireni 
or children under 5 years old, a scheme was put into opemtion 
n 1940 for using a substantial proportion of the nationa. crop 
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of blackcurrants [Rihcs nicritm}, whicfi arc fruit except ionally 
rich in sitamin C, for the preparation of a syrup for distribu- 
tion as a ration to children. In the following year, con- 
centrated orange juice, which was received from America 
under Lease-Lcnd, was substituted for blackcurrant synip.- 
Tbese ritamin-C concentrates were issued to expectant 
mothers as well as to young children. 

Vitamin D 

Vitamin D is of special importance to expectant and 
nursing mothers, infants and children. As milk is one 
of the foods containing vitamin D. the allocation of milk 
to these groups of the population helps to provide p.art of 
their needs. Vitanun D is present in butter ; at the beginning 
of the war it was, consequently, put into margarine at the 
Jerel of 1 international unit per g. Later, in 1941, when 
eggs, which arc also good sources of satamin D, Irccamc 
scarce, the amount added to margarine was doubled to 
2 international units per g. It has renwined at th.at level, 
although the egg situation was improved by the importation 
of dried egg. 

Bssrcf« the supply of sitamin D from foodstu/Ts, it was 
decided to make special provision of the vitamin for mothers 
and infants in the form of a standardized preparation of cod- 
lirer oil. The original specification was 100 international 
units of sitamin D per g. Later, this was raised to 200 
mtemational units per g. More recently, in an cfTon to 
increase the proportion of women taking adsantage of these 
supplements, an alternative issue to pregnant women has 
been in the form of tablets each containing 4000 international 
units of Wtamin A, SOO international units of sitamin D and 
250 mg. of calcium phosphate B.P., the recommended dose 
being 1 daily. 


Communal Feeding 

Communal weals have proved to be an cs.scnt/al adjunct 
to the country's nutritional policy. Their first importance 
appeared at the end of 1940 and (he beginnittg of 1941, when 
many of the cities of Britain first came under hcasy bombard- 
ment. The Bri/ish Restaurants which were developed at 


that lime arc still of importance for providing meals in places 
10 which large populations have come as the result of the 
war, and also to feed people in towns where domestic life 
may have been made difficult or where catering facilities are 
inadequate. 

lland-in-liand with communal meals intended for the 
population at large, has been the development of meals in 
factories. The importance of industrial restaurants was 
realized early in the war and in 1940 the Ministry of Labour 
issued an order, compelling all firms which employed more 
than 250 people and which were doing war w'ork to establish 
an adequate restaurant. Within two years, more than 
8,000 factoiy restaurants were set up. There are now over 
16,000. Before the war there were only between one and 
two thousand industrial restaurants. Finally, out oflhe total 
4i million of the nation’s schoolchildren, about IJ million 
receive hot sciiool-mcals. 

Food is allocated to restaurants, in proportion to the number 
of meals sened, in n manner similar to (he general system 
of distribution. Nations, “ points " and, for milk, eggs and 
some other foods, controlled supplies, are made available. 
The amounts of food provided, however, are not equal for 
all types of restaurants but arc varied in accordance with 
nutrition policy. Tlircc levels of allocation have been fixed. 
Rritish Restaurants receive amounts equal to those permitted 
for commercial restaurants and hotels ; factories where 
moderately active s\'ork is done get more, and very heavy 
workers rtxcivc more still. The physiological needs of 
children arc in many ways proportionally greater than those 
of adults ; the allowances to school restaurants are, therefore, 
the largest of all. Besides rationed food, restaurants can, of 
course, buy u hat they please of bread, potatoes, vegetables 
and other items, the supplies of which are unrestricted. 

In a short article such as this it is impossible to go into 
the full detail of all that has been done to guide Britain’s 
food policy during the war. It is, however, perhaps fair to 
saj' that from all points of view, whether it be economy in 
transport or the health and well-being of the population, the 
application of scientific nutritional principles to the national 
administrations has in general been amply rewarded wth 
success. 
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(Harris, I940-I). The microbiological method was that of 
Schultz, Atkin & Frey (1942). The chemical methods used 
were the th/oehrome method [see below] and the azo method 
(Platt & Clock, 1943). All methods of estimatjon gave 
values which were in good agreement, especially for the 
flours. The chemical tests appeared to show a loss of the 
vitamin on baking, but the biological tests were not accurate 
enough to confirm this. No distinction was possible benveen 
the accuracy of the visual method as opposed to the photo- 
electric method in the determination of thioebrome, nor was 
the azo method more accurate than the thiochrome memod. 
National flour (85 % extraction) contains between 3 to 4 tig. 
vitamin B, per g. of dr>’ flour. 


ipendix , , _ 

Two methods for estimating ritamin Bj m national flour 
d bread are described in detail. TTe 
dsual comparison of fluorescence based on 
Wang (1941) and Wang & Hams (1942). The photc^ 
S method L that of Booth (1940, 1942). iflour or br^d 
heated with 0-02N hydrochloric acid on a bo<hns «-arer- 

th for 10 minutes, sodium acetate-aceuc ^id buffer 

T 4-0) is then added, the mixture cooled to 40 

pH 4-0 and digested with takadiastase 

UTS Fluorescent impurities are remo\ ed bv washing warn 

u?" .,1 nH less than 4-0. The xitamm Bi which re- 
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the same way, but without the addition of potassium ferri- 
cyanide ; this forms the blank. A third flask is also set up 
containing a known amount of vitamin which is converted 
to thiochrome. 

After treatment with hydrogen peroxide, the fluorescent 
material is extracted with wobutanol, the extract washed with 
water and clarified by the addition of ethanol. Equal 
volumes of the wobutanol extract of the “ unknown ” and the 
blank ” are compared visually in front of the Wood’s glass 
window of an ultraviolet lamp. The standard “control” 
ijobutanol extract is added to the “ blank ” from a graduated 
pipette until the fluorescence observed on looking down the 
tube matches exactly that of the unknown. The tubes are 
mixed by inversion and, before the final matching, a volume 
of wobutanol equal to that of the “ control ” /sobutanol ex- 
tract added to the blank is added to the unknown. The use 
of a Wratten 18A filter with the Wood’s glass reduces errors 
due to substances with fluorescences of tints other than the 
purplish-blue tint of thiochrome. The matching must be 
effected rapidly. 

When the Spekker fluorimeter is used, the standard should 
be stronger than the unknown. Because thiochrome is 
relatively unstable in ultraviolet radiation, 1 Mg. quinine sul- 
phate per ml. 0'\N sulphuric acid is used as the standard 
solution. The instrument is calibrated against the quinine 
standard by means of a series of aneurin standards, which 
have been prepared by oxidizing standard solutions of aneurin 
with precisely the same technique as is employed for flour 
or bread. 

Identical laboratory conditions, particularly as to tempera- 
ture, should be secured for the conversion of vitamin Bj to 
thiochrome in both standard and unknown solutions. Test- 
tubes used in the visual method must be of non-fluorescent 
glass and identical in shape and of uniform diameter. To 
avoid the addition of fluorescent impurities, solutions must 
not come into contact with “ unextracted ” corks, rubber or 
tap grease. Glass-distilled water should be used. Solutions 
of thiochrome should be kept away from bright light and com- 
parisons of fluorescence should be made in a darkened room. 

References 

Booth, R. G. (1940) J. Soc. chem. Jnd. Land. 59, 181 

Booth, R. G. (1942) Analyst, 67, 162 

Chick, H. & Roscoe, M. H. (1929) Biochem. J. 23, 498 

Harris, L. J. (1940-1) Bull, Hlth Org. L. o. N. 9, 384, 395 & 402 

Harris, L; J. & Wang, Y. L. (1941) Biochem. J. 35, 1050 

Platt, B. S. & Glock, G. E. (1943) Biochem. J. 37, 439 

Schultz, A., Atkin, L. & Frey, C. N. (1942) Indiistr. Engng Chem. 

(Anal, ed.), 14, 35 

Wang, Y. L. & Harris, L. J. (1942) Chem. Ind. 61, 27 
[see BMB 494] 

494 

AN AZO COLOUR REACHON FOR THE DETER- 
MINATION OF VITAMIN Bi IN NATIONAL FLOUR 
by B. S. Platt & G. E. Glock, Biochemical Journal, 37, 439- 
443, 1943 

This method which, with minor modifications, can be .used 
for the estimation of pure vitamin Bj, has been devised by 
two whole-time members of the staff of the Medical Research 
Council working in the Nutrition Building of the National 
Institute for Medical Research, London. Flour (25 g.) is 
extracted with Q-5N hydrochloric acid (100 ml.) for several 
hours, stirring at intervals and allowing to stand overnight. 
All the vitamin passes into the aqueous phase, and is 
separated by decantation and filtration through a No. 1 
Whatman filter paper. 40 ml. of the filtrate are nm into a 
150 ml. glass-stoppered bottle, 50 mg. of “ Superfiltrol ” 
(activated clay) are added and shaken for 30 minutes. The 
contents of the bottle are transferred to a 50 ml. centrifuge 
tube, the bottle being washed out with 5 ml. 0'5JV hydro- 
chloric acid. 

Centrifuge tmtil the clay is well packed, pour the superna- 
tant fluid back into the bottle and repeat with another 50 mg, 
day. Transfer the clay quantitatively to the centrifuge tube, 
discarding the supernatant fluid after centrifugation and wash 
the bottle with five successive portions of 5 ml. 0-5N hydro- 
chloric acid. Resuspend the clay in the washings, centrifuge 
and discard the supernatant liquid. The washed adsorbate 
is suspended in 1 ml. distiUed water, 2 drops of faromo- 
cresol-green are added and the pH is adjusted to 5 by addition 
of 2 % sodium hydroxide. 


The suspension is transferred to a 25 ml. glass-stoDDemd 
cylinder. Wash the centrifuge tube with five surcmiw 
portions of 2 ml. 60% ethanol, adding the washings to the 
cyUnder. 2 mi. of 3 % sodium bicarbonate in 0 -617 sodium 
hydroxide in a dry test-tube are treated with 2 ml. of diazo 
reagent. The diazo reagent is prepared by adding 1 -5 ml 
4-4% sodium nitrite solution to 1-5 ml, 0-8%/j.amino 
acetophenone in 3-5% hydrochloric acid, both solutions 
having been cooled to 0-5° C. and kept at that temperature 
for 10 minutes, when a further 6 ml. sodium nitrite solution 
is added. 

The solution is made up to 50 ml, with ice-cold distilled 
water and allowed to stand at least 15 minutes before use. 
It is prepared on the day of the test and must be kept a\ 0-5° c! 
After addition of the diazo reagent, mix by inverting, and 
exactly 1 minute later add to the suspension of the adsorbate 
in the cylinder. Mixing is effected by inversion every few 
minutes. After 20 minutes, 5 ml. of toluene are added and 
mixing by gentle inversion is continued at frequent intervals 
for a total period of 1 hour. The toluene layer is transferred 
to another stoppered cylinder containing 10 ml. 0-5A hydro- 
chloric acid and washed by inversion. The toluene layer is 
then transferred to a 5 ml. centrifuge tube, a small amount 
of anhydrous sodium sulphate is added, the contents are mixed 
and rapidly centrifuged. 

A standard solution is prepared by adding 1 ml, of a diluted 
standard vitamin Bi solution to a second washed adsorbate, 
adding 2 drops of bromo-cresol-green indicator and proceed- 
ing as described above, except that 10 ml. of toluene are used 
to extract the dye. The two solutions are compared in a 
Duboscq type of colorimeter fitted with cups having a stem 
capacity of 5 ml. For the estimation of solutions of pure 
vitamin Bj, the preliminary adsorption on activated clay is 
omitted, but it was found necessary to wait for 60 minutes 
instead of 20 minutes before extracting the dye with toluene. 
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NICOTINIC ACID AND RIBOFLAVIN IN BEEF EX- 
TRACTS AND CORNED BEEF 
by R, G, Booth & E. C. Barton-Wright, Lancet, 1, 565-567, 
29/4/44 

These workers in the Ministry of Food Cereals Research 
Station, St. Albans, have determined the nicotinic acid and 
riboflavin contents of meat extracts, meat juices, fresh and 
corned beef, and samples of beef and pickling liquors, during 
processing as corned beef. Nicotinic acid was estimated by 
the method of Kodicek (1940), modified in some instances by 
the replacement of 0*4 ml. of p-aminoacetophenone reagent 
by 1 ml. of 10 % procaine in 10 % HCl, in order to obtain 
a more stable and intense colour. Riboflavin was estimated 
by the microbiological method of Barton-Wright & Booth 
0943). 

Five meat extracts contained from 375 to 1,025 |ig. nicotinic 
acid and 15-6to25-8tig. riboflavin per g. Meat juices gave 
a range of 345 to 615 [xg- nicotinic acid per g. ; marmite 
yeast-extract contained 655 pg. nicotinic acid per g. Eight 
samples of corned beef contained from 8-5 to 33-4 MS- 
tinic acid and 0-7 to 1-85 mS- riboflavin per g. as purchased. 
Fresh beef (six different cuts), as purchased, contained 46 to 
71 {ig- nicotinic acid per g. and roast beef sirloin 57 MS- S- 
The low content of corned beef is chiefly due to losses by 
elution during pickling. It is not due to destruction by 
sodium nitrite, which is used in this processing. 

An average “ civilian ” helping of comedy beef— 2 oz. 
[about 60 g.j — ^would yield 0-85 mg. nicotinic acid. The 
same serving of roast beef would give more than 4 mg. About 
0-05 mg. riboflavin is provided by the corned beef as agams 
O' 25 mg. in roast beef. A teaspoonful of meat extract, as 
used to make a large cupful of beverage, would have an 
average of 5 mg. of nicotinic acid and 0-25 mg. of ribofiavm. 

These results give an entirely new perspective as to the 
value of meat extracts nutritionally, and challenge the finai'’S° 
that such articles are of negUgible food value but usefu a 
flavouring agents and appetizers (Lancet, 1908). 
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THE RIBOFLAVIN CONTENT OF FOOD SERVED IN 
ROYAL AIR FORCE MESSES 

by T. F. Macrae, E. C Barton-Wright & A. M. Copping, 
BiochemicalJoiirnal, 3S, 132-135, 1944 
The authors report results of estimations of riboflavin con- 
tent of total diet, using the method described by Macrae, 
Henry & Kon (1943) for obtaining from a representative 
mixed dietary a dehydrated, homogeneous product. From 
the average daily dry weight of the food served and the 
estimation of its riboflavin content, it was possible to deter- 
mine the average daily intake of riboflavin per person. 
Estimations of riboflavin were performed (i) by the biological 
technique devised by El Sadr, Macrae & Work (1940) as 
modified by Copping (1943), (ii) the microbiological mediod 
of Snell & Strong (1939) as modified by Barton-Wright & 
Booth (1943). Experimental details are given. 

Results by the biological method were usually rather 
higher than those obtained by the microbiological method 
but, in general, agreement was good. 

Of the Royal Air Force personnel tested, airmen were found 
to have an average daily intake of about 2 mg. and airwomen 
about 1-8 mg. riboflaxin. The optimum riboflavin require- 
ment has been estimated {Committee on Food and Nutrition, 
1941) as 3 mg. for active men and 2-5 mg. for active women. 
Other findings, however, indicate that these values may be 
too high. Further, Lyle, Macrae & Gardiner (1944) observed 
no sign of riboflavin deficiency in R.A.F. personnel stationed 
in Britain, and this tends to support the view that the ribo- 
flavin intake, as determined by the present authors, was 
adequate. Regular consumption of beer, which has recently 
been shown to be a surprisingly good source of riboflavin 
(Barton-Wright, Moran & Sarson, 1943 ; Hopkins, 1943), 
would materially supplement dietary riboflavin, but it is 
estimated that not more than 10 % of R.A.F. personnel are 
regular beer drinkers. 
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A STATISTICAL EXAMINATION OF THE ACCURACY 
OF VITAMIN A ASSAYS : AN ANALYSIS OF THREE 
CO-OPERATIVE EXPERIMENTS DESIGNED TO 
ascertain THE VALUE OF THE CONVERSION 
FACTOR FOR TRANSFORMING SPECTROPHOTO- 
METRIC VALUES INTO INTERNATIONAL UNITS 
by J- O. Irwin, Journal of Hygiene, 43, 281-314, April 1944 
Those interested in biological assays will certainly be con- 
versant with the author’s exposition in Statistical methods 
applied to biological assays (1937), in which he reviewed the 
best methods available at that date. In the article under 
notice, the author, a member of the statistical staff of the 
Medical Research Council, gives the results of three experi- 
ments devised to re-examine the conversion factor, of 1600 
which had been previously allotted by the 1934 conference 
on Vitaimn A standardization for converting the results of 
sp^trophotometric tests for vitamin A into international 
Three experiments were devised using (i) halibut-liver 
oil, (ii) a -U.S.P. reference oil, and (iii) solid vitamin A 2-p- 
napthoate. 

A report on the first experiment had already been published 
(Hume, 1937) providing no support for changing the existing 
xnlue, but in view of the fact that the results submitted from 
the different laboratories had been calculated by different 


methods. Dr. Irwin here gives the results of a revised cal- 
culation. The conversion factors obtained from the three 
experiments were respectively 1570, 1820 and 1770, and as 
these did not significantly differ they were consistent with the 
hypothesis that the same conversion factor holds for aU three 
substances. The results were therefore pooled, and a con- 
version factor of 1740 with limits of error of 93-107 % or 
1620-1860 obtained. 

More important to workers in this field of statistics than 
the actual results, is the opportunity which the analysis has 
given to the author to discuss and illustrate the greater 
accuracy in biological and other assay results now obtainable 
by the improvements which have been evolved in this branch 
of statistical analysis since his review of the methods existing 
in 1937. 
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APPARENT VITAMIN C IN FOODS 
by F. Wokes, J. G. Organ, J. Duncan & F. C. Jacoby, Bio- 
chemical Journal, 37, 695-702, 1943 

It has long been known that 2 : 6 -dichlorophenolindophenol 
reacts with a number of substances besides ascorbic acid. 
During the past three years, these workers in the Oval tine 
research laboratories have accumulated evidence to show that, 
under certain manufacturing and storage conditions, the 
apparent vitamin-C content of foods can become considerably 
higher than the anti-scorbutic vitamin-C value. They used 
both the visual dye titration method and the potentiometric 
method of Harris, Mapson & Wang (1942). 

The apparent vitamin C is determined after treatment with 
formaldehyde at pH 4-5 for 6 minutes, which destroys all the 
true vitamin C, adding an excess of metaphosphoric acid 
solution to bring the pH to 1-0 and titrating with the dye- 
stuff. The total vitamin C is determined with similar timing 
and rate of addition of dye, without the addition of formalde- 
hyde. 

The highest yields of apparent vitamin C are obtained when 
the materials (potatoes, cabbage, carrots, germinated grains, 
grass and lucerne) are treated with 2 % (volume/volume) of 
HCl or H 2 SO 4 on a water bath at 90-95° C., or occasionally 
on a sand bath for upwards of 8 hours. If smaller concentra- 
tions of acid are used, the rate of production of apparent 
vitamin C is much slower. In 0-25 % HCl apparent vitamin 
C is unstable to prolonged heating. Heating alone, without 
the addition of acid, produces an increase in the apparent 
vitamin-C content of malt extract, fruit syrups and other 
products, which may mask the destruction of true vitamin C 
if present. 

Apparent vitamin C may be gradually formed during 
storage under normal conditions. The percentage increase 
in apparent vitamin C is highest at raised temperatures and 
lowest in nitrogen-fiUed containers when all but 1 - 2 % of 
the total moisture has been removed. Apparent vitamin C 
ocems in cocoa and chocolate from which it is not removed 
entirely by precipitation of the tannin. 

In fresh fruit, usually less than 10 %of the total vitamin C 
occurs as apparent vitamin C, except for unripe walnuts 
where it may reach 80 %. Prolonged storage, or the heating 
of fruit juices, may produce a great increase of apparent 
vitamin C — to form eventually the greater part of the total 
vitamin C as determined by the visual dye titration. Deme- 
rara sugar, some table syrups, molasses and dark beers may 
contain apparent vitamin C. Whilst the common raw 
vegetables do not appear to contain significant amounts of 
apparent vitamin C, it may be produced during roasting 
and frying and it does occur in such herbs as sorrel and 
parsley. 

Apparent vitamin C is formed as rapidly at pH 4-5 as at 
pH I -0 and is best preserxed in nitrogen-filled containers kept 
in the dark, or by use of cyanide. It is destroyed by ascorbic- 
acid oxidase, or by treatment xxith 0 - 1 % hyi-ogen peroxide 
or sodium percarbonate at 37° C. for 2-3 minutes. It is 
gradually destroyed by ultra-xiolet irradiation. A malt 
extract haxing £ high concentration of apparent xiiamin C 
but possessing no antiscorbutic action showed a distinct 
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spectroscopic maximum at about 280 mp.. A discussion of 
the possible relationship of apparent \dtamin C to reductone, 
reductic acid, dihydroxymaleic acid and hydroxytetronic acid 
is appended. 
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ESTIMATION OF “TRUE” ASCORBIC ACID IN 
URINE 

by D. Richter & P. G. Croft, Lancet, 1-, 802-803, 26[6143 

The method of estimating vitamin C in urine by titrating 
with dichlorophenoiindophenol, developed by Harris & Ray 
(1935), is liable to error owing to the presence in the urine of 
sodium thiosulphate and possibly other substances which 
decolourise the dye. Although a number of modifications 
of the technique have been proposed to eliminate this error, 
doubt has been expressed as to whether the figures obtained 
after their application can be regarded as representing “ true 
ascorbic acid.” 

The present authors, witing from the London County 
Council Pathological Laboratory and the Mill Bill Emergency 
Hospital, describe a simple and rapid lead precipitation 
procedure for eliminating the interfering substances in urine 
which appears satisfactory, and which pves results similar 
to those obtained by Neuweiler’s (1936) ascorbic oxidase 
method. 

In the collection of urine samples it was found that the 
use of metaphosphoric acid caused much less loss of vitamin C 
than acetic acid. For most estimations, 2-3 hour samples of 
fasting urine, or urine after an ascorbic acid-free breakfast, 
were collected by passing straight into bottles containing 
10 g. metaphosphoric acid. Ten ml. of the urine, containing 
5 % metaphosphoric acid, were centrifuged after the addition 
of 1*5 ml. of lead acetate solution’ (25 % Pb(Ac)iHsO). The 
precipitate could also be removed by filtering. Samples of 
the filtrate were titrated for ascorbic acid content by running 
the dye into the urine (the reverse of the usual procedure). 
This was done in order to avoid having present during the 
titration a large excess of dye, which might oxidise substances 
||ss rapidly oxidised than ascorbic acid. 

^ The treatment with lead acetate not only removed inter- 
fering substances but also some of the colpuring matter 
from the urine, and the end point of the titration was thus 
easier to determine. There was no loss of ascorbic acid 
added to the urine as a result of the lead acetate precipitation. 
Tests in which sodium thiosulphate or quinol were added to 
the urine showed that they were quantitatively removed by 
the lead acetate. Other possible interfering substances in 
urine such as glutathione, catechol, catechin, and sodium 
thiocyanate added to urine samples in concentrations up to 
10 mg./lOO ml. did not reduce the dye rapidly enough to 
interfere with the titration. 

The observations made with the lead acetate precipitation 
method were tested against the ascorbic acid oxidase method. 
The oxidase was made from cucumbers, cauliflowers or 
broccoli after the method of Meiklejohn & Stewart (1941). 
Estimation of the total reducing activity was obtained by 
simple titration of the urine with indophenol. Then an 
aliquot portion of the same sample was treated with ascorbic 
oxidase in the presence of .oxygen. Subsequent titrations 
gave the amount of reducing substances other than ascorbic 
acid in the treated urine. The difference between the first 
and second figures gave the amount of reduction due only to 
ascorbic acid. 

The figures for true ascorbic acid obtained by the lead 
precipitation method and the ascorbic oxidase method agreed 
very closely. 

‘ Aspirin increased the excretion of reducing substances, in 
the urine, but it was not possible to find atiy evidence as to 
whether the increase was due to “ true ascorbic acid ” or to 
other phenolic reducing substances. 
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THE ESTIMATION OF ‘ TRUE ASCORBIC ACID’ IN 
BLOOD 

by D. Richter & P. G. Croft, Biochemical 3ournal 37 
706-708, 1943 ’ 

The method which has been evolved by these authors is as 
follows : 4 rhl. of venous blood (showing no hEemolysis and 
containing 0-3 g. sodium oxalate per 100 ml. blood) are 
transferred to a 15 ml. centrifuge tube containing 0*05 ml. 
sec-octanol, and coal gas is bubbled through. 4 ml. dislDled 
water are added and the gassing is continued for ten minutes. 
Freshly prepared 32 % metaphosphoric acid solution (2 ml.) 
is added, foUowcd after mixing by 1 ml. 25 % lead acetate 
solution and 2 ml. saturated sodium acetate solution. After 
thoroughly mixing, the suspension is centrifuged and 2 ml. 
portions of the supernatant fluid are titrated with a 0-002% 
solution of 2 ; 6 dichlorophenoiindophenol which has been 
standardized against a 0-0005 % solution of ascorbic acid in 
2 % metaphosphoric acid. The end-point is reached when 
a faint pink colour persists for ten seconds and matches a 
solution made by adding 0-05 ml. of the dye solution to 1 ml. 
of 1 % metaphosphoric acid solution contained in a similar 
vessel. In the calculation, the amount of dye added to the 
blank is subtracted from the burette reading and a correction 
is made for the ascorbic acid contained in the protein pre- 
cipitate. 

Results obtained using this method agree more closely 
with those obtained with the ascorbic-acid oxidase method 
than those obtained without treatment with lead acetate. 
No significant loss of ascorbic acid occurs in whole blood 
stored at room temperature, with or without occasional 
shaking, for 24 hours. The maximum loss in ten specimens 
was only 22 % in 48 hours. The blood ascorbic add of 350 
normal factory workers in the Birmingham area varied from 
0-15-0-85 mg./IOO ml. with a mean value of 0-25 during 
May-July 1943. 
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COMPLEMENT ACTIVITY AND VTTAMIN C 

by E. Kodicek & B, Traub, Biochemical Lournal, fj, 456-460, 

1943 


In recent years conflicting reports as to the correlation of 
complement activity and vitamin-C intake have been pub- 
lished. The question has been re-examined by E. Kodicek 
working for the Medical Research Council in the Dunn 
Nutritional Laboratory and B. Traub in the Department of 
Pathology in the University of Cambridge. The end-point 
of the complement titration was taken as the volume of un- 
diluted serum required to produce a 50% hffimolysis in a 
standardized system. 

Sheep erythrorytes from a single source were used. Blood 
samples (2-3 ml.) were obtained by cardiac puncture without 
ansesthesia, and the serum was diluted 1:30 with, 0-9% 
buffered saline of />H 7-4. Eight tubes containing different 
amounts of diluted serum were tested against 0-5 ml. of a 
suspension of sensitized sheep erythrocytes contmning 50 m^ 
haemoglobin per ml. After incubation at 37“ C. tot 30 
minutes the tubes were cooled to 2-4“ C., 2 ml. of buffered 
saline added, and after centrifugation the percentage hemo- 
globin in the supernatant fluid was detemuned colon- 


etrically. . ^ 

Two series of experiments were made, one dunng June- 
ily on 22 guinea-pigs weighing 300-368 g., the s«x)nd during 
itober-December on 18 animals weighing 440-665 g. 
ae basal diet of 11 of the first group of animals w^ supple- 
ented with 5 mg. of ascorbic acid plus 15 g. cabbage, m 
le second series supplements of 0-5, 1-0 and 10 ° 

corbie acid were given daily. The complement litres o 
ificient animals in the summer series ranged from 
fits with a mean of 61 units in the second and 63 units m me 
ird week of the diet, whilst those on the 
ere 51-72 units with an average of 60 units. In the w 
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acid for four weeks was 69 units, which fell to 53 after the 
supplement had been increased to 10 mg. ascorbic acid daily 
for five weeks. When the animals had an initial supplement 
of 10 rag. ascorbic acid daily for four weeks the average titre 
tvas 61 units, which became 80 units when the daily supple- 
ment was changed to 0-5 mg. ascorbic acid for the succeeding 
five weeks. 

A statistical examination of the results showed without 
doubt that, when a reliable method of complement titration 
is used, there is little if any difference between the complement 
titres of individual gvunea-pigs within a group, whether they 
are maintained on a deficient or optimal vitamin-C diet. 
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SURVEY OF VtTAIvnN-C LEVEL IN WARTIME IN 
PREGNANT WOMEN 

by A. A. Craig, F. J. W. Lewis & D. Woodman, British 
Medical Journal, 1, 455-457, 1/4/44 

This paper, by the Assistant Medical Officer of Health of 
Bristol and workers in the Department of Preventive Medicine 
in Bristol University, records the urinary excretion of ascorbic 
acid, during the 2nd-4th hours after the ingestion of 70 mg. 
of ascorbic acid per 10 stone [about 64 kg.] body weight, at 
monthly intervals, in 40 pregnant and 5 non-pregnant women 
from May 1942 to February 1943. Of ^e 40 pregnant 
women, 3 had spongy gums and an anremia, 6 spongy gums 
alone, and 8 ansmia alone. Wide fluctuations in the quantity 
of ascorbic acid excreted were observed, although average 
values disclosed a significant seasonal variation. 

The average value of the urinary ascorbic acid after the 
tKt dose for the 5 controls for the whole period (48 tests) 
was 43-5 mg./lOO ml.; whereas that for the 40 pregnant 
women was 39-7 mg./lOO ml. The average excretion of the 
test dose after the 28th week of pregnancy was slightly smaller 
than that reached during the first 28 weeks. The authors 
concluded that the degree of saturation in both groups was 
low, although during June to October the degree of saturation 
rose and the diet appeared to be more adequate. 
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THE ASSESSMENT OF VITAMIN-C NUTRITION IN 
MAN 

by F. T. G. Prunty & C. C. N. Vass, Biochemical Journal, 37, 
623-629, 1943 

The need for a reliable and simple assessment of the nutri- 
tional status with respect to vitamin C has been emphasi 2 ed 
by the importance which has been ascribed to its role in 
wound-healing and by the possibility of a diminished 
supply of vitamin-rich foodstuffs in war-time diets. This 
paper which comes from the Departments of Pathology, and 
Physiology, St. Thomas's Hospital Medical School, London, 
shows that under certain conditions a single determination 
of the plasma ascorbic acid can be used to assay the standard 
of vitamin-C nutrition. The report is compiled from the 
data obtained from 50 subjects (hospital patients and .staff) 
and correlates the results of urinary saturation tests and 
estimations of plasma ascorbic-acid concentration with an 
asseMment of the nutritional state of the subject with respect 
to vitamin C. 

Urines were collected in dark-coloured Winchester bottles 
[which have a capacity of about 2-27 1.] containing 70 g. 
metaphosphoric acid and the ascorbic acid and dehydro- 
ascorbic acid contents were determiped in the usual way. 
A standard dose of 700 mg. of ascorbic acid per 140 pounds 
[about 64 kg.] body-weight was given orally each day. The 
dose was admimstered in 50 mg. tablets, as nearly as possible 
in two equal portions, one at the commencement of each 
24-hour collection of urine, the other approximately 12 hours 
later. This was done in order to minimise the effect of the 
renal overflow. Blood samples were taken, either at the 
end of the 24-hour period before the first dose of the sub- 
sequent 24 hours, or, if no dose was given, 3 hours after 
taking food. The plasma ascorbic-acid concentration was 
determined by direct visual titration of a protein-free filtrate 
with 2 : 6 dichlorophenolindophenol. 

Tbe behariour of the plasma ascorbic acid during an 
extended saturation of the subject wth ascorbic acid was 
o served in nine subjects. Whilst very marked fluctuations 


occurred in the urinary excretions, the plasma ascorbic-acid 
concentrations remained constant. Moreover, if in the same 
subject the urinary saturation test was repeated, it was found 
that when the plasma ascorbic-acid content was low, the rise 
in the daily excretion of ascorbic acid was relatively slow, 
and no point of sharp demarcation was obvious. If the 
plasma ascorbic-acid concentration initially was above 
0‘2 mg. per 100 ml. a spectacular rise in the urinary excretion 
of ascorbic acid was readily observed and the day on which 
“ saturation ” was reached was easily interpreted. Because 
saturation' was attained in some of their subjects who ex- 
creted less than 50 % of the test dose during 24 hours, the 
authors have arbitrarily defined “ ‘ saturation ’ as the excre- 
tion of 33J % of the test dose based on 700 mg. per 140 
pounds body-weight and administered as outlined above.” 

A figure (III) in this paper shows the relationship between 
the plasma ascorbic-acid concentration before the saturation 
test and the dost of ascorbic acid required to bring the sub- 
ject to a “ state of saturation ” (18 subjects). At the “ state 
of saturation,” the administration of the test dose of 700 mg. 
per 140 pounds body-weight would result in an excretion of 
J of the test dose in the urine in the next 24 hours. The 
plasma concentration at the “ state of saturation ” is 0 • 80 mg. 
ascorbic acid per 100 ml. The relationship between the two 
variables is not linear, which may account for some of the 
divergence of opinion as to the validity of the plasma ascorbic- 
acid content as an index of vitamin-C nutrition. The maxi- 
mum charge in the dosage of vitamin C required to produce 
“ a state of saturation ” at a given plasma level occurs at a 
value slightly less than 0-4 mg. per 100 ml. If the initial 
plasma ascorbic-acid concentration is 0-4 mg. per 100 ml., 
450 mg. of ascorbic acid per 140 pounds body-weight will 
bring the subject to a “ state of saturation ” which is demon- 
strated by the further ingestion of 700 mg. on the succeeding 
day. This is equivalent to a good saturation-response in 
two days with Harris’s urinary saturation test (Harris, 1943). 

During the progress of this work 8 subjects were kept for 
varying periods on controlled intakes of ascorbic acid for 
known periods. It was found that if the subject has pre- 
viously been on a higher intake of ascorbic acid and reverts 
to a lower intake, the plasma ascorbic-acid concentration 
tends to remain at a higher level than that reached when the 
procedure is reversed, unless a considerable period on the 
lower intake is maintained (probably at least 30 days). 

The authors conclude that the plasma ascorbic-acid con- 
centration is in man an index of the nutritional state with 
respect to vitamin C, unless, wi thin the previous 30 days, the 
subject has been on an appreciably higher intake of ascorbic 
acid than he is receiving at the time of the test. A level of 
0-8 mg./lOO ml. represents a “state of saturation ” and 
evidence is presented for the desirability of a plasma ascorbic- 
acid concentration of not less than 0-4 mg. per 100 ml., for 
which an intake of approximately 60 mg./day is necessary. 
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VITAMIN-C NUTRITION IN A HOSPITAL : With 
Observations on a Case of Scurvy 

by F. T. G. Prunty & C. C. N, Vass, Lancet, 1, 180-182, 
5/2/44 

The concentration of ascorbic acid in the plasma of hospital 
in-patients and members of the medical and nursing staffs 
was determined at various times over a year. Seventeen 
patients taken at random were examined in the period May 
to July 1942, and fifteen during September and October. 
In the first period only 6 % would give a saturau'on response 
in 2 days to the normal urinary saturation test ; the plasma 
ascorbic-acid concentration averaged 0-12 mg. per 100 ml. 
with a range of 0 • 00 to 0 • 30. In the second period, 27 % of 
the subjects would have given a positive urinary saturation 
response in 2 days, as indicated by an average plasma ascorbic- 
acid concentration of 0'24 mg. per 100 ml. with a range of 
0-03 to 0-65. Comparison of the plasma values of the male 
members of the medical staff show’ed the same seasonal 
variation and emphasized the poorer nutrition of the hospital 
in contrast with the uniformly higher figures found among the 
non-resident staff. A small group of nurses examined in 
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Februaiy 1943 supplied further evidence of the relative 
poverty of the hospital diet in regard to vitamin C, whilst 
a corresponding group of student nurses who resided in a 
hostel had satisfactoiy plasma ascorbic-acid levels. 

The latter half of the paper contains the results of an ex- 
tended ascorbic-acid saturation test on a scorbutic mechanic 
aged 27 years, weighing 131 pounds [about 60 kg.]. He was 
admitted to hospital on 30/5/42 complaining of rash on his 
shins for one month, painful swelling of the left forearm and 
leg for one week, and swelling of the legs for two days. He 
had a hsematemesis 2 years previously, afterwards reverting 
to a normal diet ; six months ago there was a sudden onset 
of gastric ulceration demonstrated radiologically. Since 
the ulcer had developed he had kept strictly to a diet of two 
pints [about 1 • 14 1.] of pasteurized milk, porridge, fish, dry 
toast, butter and chocolate daily. At examination his gums 
were edentulous, the soft palate reddened and sh'ghtly 
(Edematous. The anterior aspects of both legs were covered 
with small petechis. (Edema of both ankles was marked 
and the left calf was somewhat swollen and tender, Ecchy- 
moses were present on the inner sides of both ankles, in the 
right antecubital fossa and on the palmar aspect of the right 
wrist. The left arm had a fixed flexion of 160° with some 
tender swelling deep to the extensors of the left forearm. 
Hyperkeratotic papules were present on the outer sides 
of both thighs, across the lumbar region and over the 
dorsal surfaces of both upper arms. A blood count showed 
4,390,000 erythrocytes, hemoglobin 70% (Haldane), 5,830 
leucocytes with a normal diSerential count and 280,000 plate- 
lets. After three minutes at 100 mm. Hg pressure, 30 
petechie were produced in an area approximately 6 cm. in 
diameter in the left antecubital fossa. 

After daily treatment with 750 mg. ascorbic acid in doses 
of 400 and 350 mg. at 12-hour intervals, the hyperkeratotic 
papules disappeared within 7 days ancl the petechice and 
ecchymoses had largely faded. After 18 days the capillary 
fragility test gave only 3 p^techire. A prolonged saturation 
test was carried, out on this subject and plasma ascorbic-acid 
concentrations were determined at intervals. The results 
attained were similar to those obtained in non-scorbutic 
subjects, whose initial plasma ascorbic-acid concentration 
was also 0-00 mg. per 100 ml. The scorbutic patient was 
turated with a total dose of 4,300 mg. per 440 pounds 
bout 64 kg.] body-weight in 6 days. 

Prunty & Vass (1943) have reported a patient with a gastric 
cer and an initial plasma ascorbic-acid concentration of 

00 mg. per 100 ml. who was saturated in 8 days with a total 
3se of 4,900 mg. of ascorbic acid per 140 pounds body- 
eight, and this emphasizes the impossibility of diagnosing 
urvy either by determination of the plasma ascorbic-acid 
r by the urinary saturation tests alone. Further, the failure 

1 observe signs of sub-clinical scurvy in this survey sub- 
antiates the view that a sub-standard intake of vitamin C 
not necessarily equivalent to a clinical deficiency (Harris, 

-943). 
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SCURVY : A SURVEY OF FEFTY-THREE CASES 
by R. B. McMillan & J. C. IngUs, British Medical Journal, 2, 
233-236, 19/8/44 

This is a report by the medical superintendent and the late 
senior medical officer of cases of scurvy admitted to the 
medical wards of the Eastern General Hospital, Edinburgh, 
between August 1937 and February 1944. The patients were 
48 males and 5 females whose ages ranged from 41 to 82 
years. They formed 0- 16 % of the total medical admissions 
in 1937-38, an incidence which gradually rose to a maximum 
of 3 -07 % in 1941-42 and fell to zero in 1943-44, although -the 
total number of medical admissions, which had faUen to 
one-third of the 1937-38 total in 1940-41, had almost reached 
the pre-war level in 19^-44. 

Eighty-one per cent, of the patients were aged 65 or over, 
and 96 % lived alone. More than 90 % cooked for them- 
selves. An analysis of their social and economic background 
showed that poverty was by no means the whole reason for 


the condition. The disease developed most commonly in 
June, then came May, March and April in that order. In 80 '/ 
of cases the time elapsing between the first sign or symptom 
and admission to hospital was less than one month, 
disease, by the usual standards, was mild in 2 instances and 
moderate in 51 ; ail had skin petechiae. Where teeth existed 
spongy and infected gums were prevalent. The disease ap- 
peared first in one leg, then the other, and finally in the arml 
Hyperkeratosis perifollicularis was very common but not 
universal. Three instances each of multiple neuritis and 
pellagra were also recognized clinically. Neither the positive- 
pressure cuff test of Hess (1920) nor of Gothlin (Falk, Gedda 
& Gothlin, 1932) were diagnostic or in aUgnment with the 
plasma ascorbic-acid concentration or the saturation re- 
quirements. 

The vitamin-C content of the urine varied from 1-5 mg. 
to 16-0 mg„ with an average of 7 mg. per 24 hours. Thirty 
subjects required between 2-0 to 5-9 g. (average 3-85 g.) of 
ascorbic acid to produce saturation. No steady relationship 
between the saturation requirements and the clinical extent of 
the disease was observed. The plasma ascorbic-acid con- 
centration in 22 patients, within 48 hours of admission, varied 
from O'OO to 0-29 mg. per 100 ml. There was a constant 
relation of plasma level to saturation requirements but not 
to the cUnical picture. 

A complete blood examination was made on 38 males and 
2 females within 48 hours of admission. The hsmoglobin 
concentration varied from 5-3 to 11 -9 g. per 100 ml. An 
examination of the sternal marrow was made on 6 subjects: 
5 were normoblastic, two of these had a few megaloblasts, 
one was megaloblastic. No constant relationship was noted 
between the anaemia and the extent of the htemorrhages, or 
the plasma ascorbic-acid level, or the saturation requirements 
of the patients. The anamia was predominantly nonnocytic, 
rarely hypochromic microcytic, and more rarely macrocytic. 

Groups of patients were placed on diets containing known 
quantities of iron with no vitamin C, or with 1 5 mg, vitamin C, 
or with a maintenance dose of 100 mg, vitamin C daily after 
saturation had been attained. The experimental periods 
lasted from 9 to 25 days. No patient on a vitamin-C-free 
diet showed a fall in either the erythrocyte count or hamo- 
globin, but in most individuals the presence of the vitamin 
accelerated regeneration. 

The authors ascribe three root causes to the production 
of this “ bachelor ” scurvy, (i) Ignorance, especially among 
males, of the need for potatoes and vegetables in the diet, 
(ii) Apathy, producing absence of the same items because 
they required preparation and cooking, (iii) Poverty, which 
made it impossible to buy an adequate diet or to obtain 
lodgings with adequate cooking facilities. 
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EFFECTS OF DRINKING SMALL QUANTITIES OF 
3EA-WATER 

jy W. S, S. Ladell, Lancet, 2, 441-444, 9/10/43 

The work described in this paper was part of a study ^ 
jhysiology of persons receiving the same rauons M s ^ 
vrecked personnel. It was performed on behau of , 

nittee on the care of shipwrecked personnel of the 
Research Council. The subjects were given the very ^ ^ 
liet which was at that time issued to lifeboats, and cons 
jf 30 g, of biscuits, 30 g. of sweetened condensed J e- 
jf butter or margarine and 30 g. of chocolate p^ris.y. 
hod did not supply the men with enough clones to 
•heir physical needs and it provided less than 1 g. oi 

^^Four experiments were carried out, the object 

^ing to study how men reacted when ^?^!^ater. 

10 water, (b) a limited amount of fresh water, or (c) sea 
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180 cm.’ of sea-w’ater wrc usually given each day, but up to 
400^ cm.’ were administered to one person. In all some 25 
subjects seem to have been studied. It was found that when 
the men were getting too little water to satisfy their needs, 
but were not taking sea-water, they continued to pass 350 to 
450 cm.’ of urine per day, and that the volume passed was 
not related to the severity or duration of the dehydration. 
The concentration of urea in the urine was high and values 
up to 6 % were found. The urine contained mueh salt on the 
first day of water deprivation — which was to be expected as 
the subjects had until then b^n taking normal quantities of 
salt — ^but thereafter the losses of salt became very much 
lower. 

A diuresis occurred in all experiments in which the subjects 
drank sea-\rater, and the excretion of salt remained hi^ or 
rose if it had been low. The output of water did not rise 
(on average) by more than the amount of sea-water ingested. 
There was some evidence that the end-products of N meta- 
bolism were more freely excreted when the urine volumes were 
raised by the sea-water, and the author concludes that these 
quantities of sea-water diminished or prevented N retention. 

The author considers that, in addition to these physio- 
logical effects, there was a definite psychological value in 
having additional fluid to drink even if it was salt to the taste. 
However, in a footnote to this paper. Dr. B. S. Platt of the 
Medical Research Council points out that, taking into con- 
sideration other relexant evidence, the drinking of sea-water 
was not recommended. 
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A STUDY OF DEHYDRATION BY MEANS OF BALANCE 
EXPERIMENTS 

by D. A. K. Black, R.A. McCance & W. F. Young, Journal 
of Physiology, 102, 406^14, April 1944 
The work described in this paper was carried out at the 
Department of Medicine, Cambridge, to study man’s reac- 
tions to a deficiency of water. Two men, one of them an 
author of the paper, drank no fluids for three and four days 
respectively, and maintained their normal calorie intake by 
eating food containing very little water, such as biscuits, 
butter, jam, cheese and bread. 

On this regime the men lost weight, and by the third or 
fourth day it became very difficult indeed to swallow the dry 
food. Their voices changed slightly, their faces became 
rather sunken and pale, and their lips cyanosed. It was 
evident that their efficiency was impaired. These changes 
were observed in other subjects and are considered to be 
ch^cteristic of water deprivation. This general appearance 
of ill-being vanished within a few hours of the restoration of 
fluid. 

Changes in the circulating fluids were investigated, and 
determinations of nitrogen and mineral balance were carried 
out on these two men. It was found that in spite of a loss 
of weight which amounted to nearly 4 kg. — ^most of which 
was water — ^there was practically no rise in the plasma 
proteins, or in the hsematocrit. It was evident that the 
volume of the blood had been maintained at the expense of 
the fluid in some other compartment of the body. The 
sodium in the serum rose by about 10 % and the potassium 
fell. The urea was raised to double its normal level. De- 
hydration led to an increased production of urea within the 
body, and it is suggested that this was due to a breakdown 
of tissue protein. The output of nitrogen fell on the first day 
of dehydration, due to the fall in the volume of urine, but 
rose on subsequent days as the level of urea in the blood 
increased. The men lost about 3,500 cm.’ of their body 
water and it is estimated that about ■§■ of this came from the 
extracellular fluids, the remainder from the fluid wi thin the 
cells. 

■Mthough both subjects excreted about as much sodium as 
their food contained, they excreted none of the sodium cor- 
re^onding to the extracellular fluids which they lost. In 
spite of the fall in the serum potassium, the men excreted 
rather more potassium than they took in with their food, but 
again, not hnough to prevent a rise of potassium in their 
cellular fluids. Consequently the osmotic pressure of the 
whole body rose, and, in the light of some experiments which 
''ere earned out by Kerpel-Fronius & Leovey in 1929 and 
^ i/’ tiuthors consider that a retention of osmoti- 
cally-active substances 'rithin the body must be seriously 


considered as the ultimate cause of death in prolonged 
dehydration. 
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THE SECRETION OF URINE DURING DEHYDRA- 
TION AND REHYDRATION 

by R. A. McCance & W. F. Young, Journal of Physiology, 
102, 415-428, April 1944 

This paper deals with the reactions of the kidney to a shortage 
of 'vatcr within the body, and the 'vork 'vas done in conjunc- 
tion with that reported by Black, McCance & Young (1944). 
T'velvc persons were dehydrated, ten men and two women, 
and the method used 'vas similar to that described by Black 
et al. It 'vas first sho'vn by experiments on four people that 
dehydration, sufficiently prolonged to make the subjects lose 
4-7 % of their body-'veights, made little difference to the 
inulin and diodone clearances, i.e. to the glomerular filtration- 
rates and to the effective blood flow through the kidney. 
Hence the urinary changes 'vhich characterize dehydration of 
this degree of severity must be essentially the results of 
changes in tubular activity. 

The authors next tried the effect of giving large doses of 
urea and of sodium and potassium chloride to persons who 
had been deprived of 'vater for some days. These substances 
'vere given as hypertonic solutions. One person took 
500 cm.’ of 3 • 6 % sodium chloride by mouth, and another 
'vas given 350 cm.’ of 10 % urea intravenously. The effects 
produced in the dehydrated subjects 'vere not unlike those 
produced in the same persons 'vhen they were normally 
hydrated. The flow of urine 'vas increased, and the diuresis 
produced by sodium and potassium chlorides raised the urea 
clearances. The osmotic pressure of the urine fell some'vhat 
as the volume rose, and the osmotic pressure of the body 
must have been increased. One interesting effect follo'ved 
the administration of the urea during dehydration. The 
serum chloride fell from 391 to 359 mg. per 100 cm.’ and 
there was a profound fall in the excretion of this ion. 

Balance experiments were also carried out, and it was 
sho'vn that the volume of the urine passed during the days of 
dehydration depended largely upon the quantity of salt in 
the food. The volumes of urine, however, passed on the 
second, third and fourth days of 'vater deprivation 'vere no 
smaller than those passed on the first day. In diets contain- 
ing some 12-15 g. of salt, the output of tvater by the kidney 
ranged from 633 to 815 cm.’ in the 24 hours. When the salt 
intake 'vas reduced to 2-5 g. per day, the daily urine output 
fell to 365-413 cm.’ As the high salt diets contained no 
more 'vater than the low salt diets, the additional 'vater 
excreted must have come from the already depleted body- 
'vater, and it is evident that a diet containing very flttle salt 
'vould enable persons on a reduced water intake to conserve 
300 to 400 cm.’ of their precious store of body-'vater every day. 

When persons, who had been deprived of water for some 
days, and 'vho had been taking 5-15 g. of salt, were re- 
hydiated in stages, the urine volumes fell, the percentage of 
chlorides in the urine fell, and the percentage of urea rose. 
Thus one subject, who had been passing 605 cm.’ of urine 
per day on a water intake of 470 cm.’, reduced his urine 
volume to 506 cm.’ 'vhen he was given 3804 cm.’ of water 
in 24 hours. This paradoxical finding was explained thus : 
With the onset of rebydration, the concentration of chlorides 
in the body-fluids fell and there may have been some altera- 
tion in the activity of the adrenal cortex. Following these 
changes, so much less salt presented itself for excretion that 

(а) the kidneys were able to reduce the output of the urine, 

(б) as the concentration of chlorides in the urine also fell, 
the kidneys were able to raire the concentration of urea 
in the urine without raising the osmotic pressure. 

These experiments confirm that shipwTecked mariners 
should not drink sea water and cannot possibly do themselves 
any good by drinking their own urine. 
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DISCXJSSION ON WATER METABOLISM IN SICK AND 
HEALTHY INFANTS 

by W. F. Young, R. A. McCance, F. Avery Jones & R. 
Dobbs, Proceedings of the Royal Society of Medicine, 36, 
219-221, March 1943 

Dr, Young pointed out that, because infants frequently 
suffer frorri gastro-enteritis, an understanding of their water 
metabolism, and particularly of the differences in the water 
metabolism of infants and adults, is of considerable practical 
importance. A full-term baby contains 75 %-80 % water, 
and an adult only 60 %-65 %. Further, of the total body- 
water, 65 % is extracellular in the infant, but only 28 % m the 
adult. Studies by McCance & Young (1941) have shown 
that the kidney of the infant at birth is a relatively inefficient 
organ, and that the infant therefore needs a relatively high 
intake of water. In premature infants the renal inefficiency 
is even greater, and the clinically familiar liability of prema- 
ture infants to become oedematous can be attributed to their 
low mineral clearances-. Glomerular .filtration rates are also 
low as judged by adult standards. 

Whenever the output of water by other routes (skin, lungs, 
bowel) is increased, the infant’s urine volume should be 
maintained by increasing the intake of water. Salt should 
also be given when there is diarrhoea or vomiting. As the 
gastro-intestinal secretions may be regarded as isotonic, 
salt-loss may be replaced by giving an equivalent volume of 
0-9 % NaCl. However, a hypotonic solution of salt should 
always be given to an infant with gastro-enteritis, as some 
water (but not salt) is being excreted by the skin and lungs. 
In giving fluids by the intravenous route, solutions of 
(i) 0-9 % NaCl and (ii) 5 % glucose should be given in varying 
proportions, according to the estimated requirements. 

To enable the body to restore mineral equilibrium, enough 
water must be given to establish a free flow of urine, but 
salt requirements should be carefully assessed, whether the 
oral or a parenteral route is being employed. The rectal 
route is useful only for supplementing the oral intake when 
the infant is vomiting but has no diarrhoea. The subcutaneous 
route should be used only as a supplement to oral feeding, 
as the solution given is isotonic (0'9%) NaCl, The intra- 
venous route is often the only one by which the body-fluids 
1 be restored sufficiently rapidly. Whatever route is 
Dpted, accurate charting of output is essential, and a 
ily record of the body-weight is helpful, in assessing 
[uirements. Change in weight is a more sensitive indica- 
n of water balance than serum chemistry. 

Dr. McCance emphasized the difference between true 
lydration (due to deficiency of body-water) and salt 
Iciency (usually due to loss of water and salt with partial 
total replacement of water), and illustrated his point by a 
description of personal experiments. By making himself 
salt-deficient he lost not more than 6 pounds [about 2*7 kg.] 
weight, and there was clear evidence of severe hsmoconcen- 
tration, with a serum-sodium below the normal level. When 
he dehydrated himself, he lost almost 10 pounds [about 
4- 5 kg.] without difficulty, his serum-sodium rose to abnormal 
levels, and there was no reduction in blood volume. True 
dehydration is seldom encountered in temperate climates, 
and clinically there is usually a loss of salt as well as water 
(as in vomiting, diarrhoea, diabetic coma, Addison’s disease). 
Patients should be given saline solutions until the body 
weight has been restored, and it is then better to use 5 % 
glucose solution for intravenous infusion unless salt is still 
being lost This provides water for lung- and skin-losses 
without overburdening the kidneys with salt. 

Dr. Jones said that it had been shown that the routine 
use of normal saline infusions after surreal operations 
involved a risk of water retention with hydrseraia and a 
tendency to oedema of the lungs or of the intestinal suture 
line. Many sick infants were given the excessive amount of 
12 g. of salt, which was equal to the total salt content of an 
infant’s body. ^ 

Dr. Dobbs said that practising psdiatneians were not 
sufficiently infonned on the important physiological changes 
underlying the clinical conditions of “ dehydration,” “ shock ” 
and “ collapse ” in infants with acute gastro-enteritis. Dis- 
cussing different routes of administration, he regarded 
subcutaneous infusion as the safest. The oral route might 
be inefficient and the indiscriminate employment of the 
intravenous route might result in such complications as 
heart failure and cerebral or pulmonary cedema. 
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THE RENAL FUNCTION OF NEWBORN INFANTS 

by H. Heller, Journal of Physiology, 102, 429-440 April 
1944 ’ ^ 

Dr. Heller has worked for a number of years on the com- 
parative physiology of the anti-diuretic principle of the 
pituitary gland and the investigation reported in this paper 
follows the work of McCance Young (1941) on urinary 
excretion in infancy. The present author has studied the 
effect of this hormone upon the new-bom infant. The 
action of posterior pituitary extracts on adults is too well 
known to require description, and small doses have been used 
for many years in the treatment of diabetes insipidus. Their 
action is always to reduce the flow of urine even after copious 
draughts of water. Dr, Heller administered injections of an 
extract, of posterior pituitary gland to infants and studied the 
effect upon the concentration of the urine and the depression 
of its .freezing point. A dose of 125 milli-units per metre’ of 
body surface produced a striking effect upon an adult, but a 
negh'gible effect upon an infant 5 days old, and raising the 
dose to 250 milli-uruts per metre’ had h'ttle more effect. The 
author concludes that at birth,, and for some time after it, 
the renal tubules of newborn children are relatively insensi- 
tive to the action of the posterior pituitary prindple. This 
is an interesting contribution to the physiology of infancy. 

Dr. Heller goes on to show that iiifants with a reduced 
intake of water can produce a mine more concentrated than 
the blood, so that they are not quite in the position of the 
patient with diabetes insipidus. Nevertheless, even these 
urines are much less concentrated than those normally passed 
during adult life, and it is evident that infants must have an 
abundant supply of water if they are to maintain their normal 
renal function. 
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SEASONAL AND ANNUAL CHANGES IN THE 
CALCIUM METABOLISM OF MAN 
by R. A. McCance & E. M. Widdowson, Journal of Physiology, 
102, 42-49, June 1943 


The authors, writing from the Department of Medicine of 
the University of Cambridge, point out that the capacity of 
an individual to absorb calcium has been known to vary for 
a number of reasons. It is believed to be increased during 
the waves of growth in children ; and as rickets, tetany and 
osteomalacia have been noted to be at their worst in late 
spring, responsibility has been attributed to the decreased 
amount of vitamin D formed in the skin in the winter months, 
because of the effect of vitamin D on calcium absorptiom 
During experiments on the effect of bro\vn bread on calcium 
absorption, it was found that the subjects (three human beings 
for the whole period, five others for a portion of the 
absorbed calcium less freely in November than they did m 
July. By the following March, in three of the subjects who 
were still carrying on the experiment, it was clear ^ 
Ca metabolism had changed very much since they had 
come under observation. 


Experimental methods : The method of estimating absorp- 
ion of Ca has been described by the authors elsewhere 
McCance & Widdowson, 1942a, 1942b). The amount ot 
lour used in the diet (either white or brown) always con- 
ributed 40%-50% of each person’s calories, the rest ol me 
liet was freely chosen but was very similar from one expen- 
fient to the next. Most of the figures in the present paper 
re based on the results of 3-week experiments; some 
lased on 2-week experiments and a very few on those whic 
jsted only 8 days. , 

Results : In one man and two women, weU defied ^ 
hanges in calcium absorption were observed. The sup^ 


* [see also BMB 521 , 526, 536] 
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were under obsersTition for two summers and three winters. 
They absorbed Ca much more freely in July and August than 
they did in February and March. This seasonal effect was 
apparent irrespective of whether white or brown bread was 
eaten, but the figures were alwaj’s lower on tlic latter. The 
magnesium absorptions were not affected by the seasons and 
shmaed a constancy from one season to another which was 
quite remarkable. It uas also found that the three subjects 
absorbed Ca better in the summers of 1940 and 1942 than 
they did in 1941. Again there was no variation in the Mg 
absorption and no seasonal or aimual change in the absorp- 
tion of phosphorus could be observed. 

At first it was thought that these changes in absorption 
were due to changes in the amount of vitamin D in the food 
or in the amount formed by the sun in the skin. However, 
the administration of 2,000 international units of vitamin D 
per day for sesen preliminary and 21 experimental days, 
resulted in negligible increases in the calcium absorption. 
These fluctuations in Ca absorption appear to be due to 
some factor or factors in Ca metabolism liitherto undescribed, 
and the authors suggest that they may be due to variable 
resistance of the tissues of the body to the action of vitamin D. 

From a purely practical point of view it should be noted 
that all those investigating Ca metabolism over a period of 
months should be aware of the possibility of having their 
results vitiated by these variable absorptions. 
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THE EFFECT OF NATIONAL IVHEATMEAL ON THE 
ABSORPTION OF CALCIUM 

by H. A. Krebs & K. Mellanby, Biochemical Journal, 37, 
466-468, 1943 

This report from the Department of Biochemistry in the 
Um'versity of Sheffield and the Sorby Research Institute, 
Sheffield, is a continuation of theworkof McCance&Widdow- 
son (1942), but more particularly in regard to the National 
fVheatmeal flour of 85 %-extraction which has been introduced 
by the Ministry of Food. Six male volunteers whose ages were 
betw^n 23 and 31 years were kept on a diet yielding 4100 
calories per diem, which included at least 500 g. flour (dry 
Weight) and not more than an average of 0-55 g. calcium per 
diem. ^ Of the flour, an average of 70 g. (dry weight) was 
taken in the form of cooked dishes, the remainder as bread. 
After prchminaiy trials the main experiment consisted of 
^o periods. During the first, lasting four weeks August- 
September 1941, National Wheatmeal floim (85 %-extraction> 
Was used. The second period of four weeks September- 
November (1941) was the control period, when “ white ” 
flour(75%-extraction) was used. The phytic-acid phosphorus 
content of the National Wheatmeal flour was 140' mg. per 

100 g. and of the bread 41 -4 mg. per 100 g. 

Under the experimental conditions outlined above, the 
consumption of National Wheatmeal flour was accompanied 
by an average calcium loss ofO-lIOg. per diem. When this 
flour was replaced by 75 %-extraction flour, the average loss 
was 0-023 g. per diem. The effect of the National Wheat- 
tneai flour was definite in every individual case. In a pre- 
lumary experiment where the average intake of National 
ineatmeal bread was about one pound [about 0-45 kg.] per 
diem (instead of 1-7 pounds) and the average daOy calcium 
supply 0-94 g., the calcium balance was in equilibrium. 
Reference 
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^^^^TTVE efficacy of calcium CARBONATE 
A^JDC^CIUM phosphate in PREVENTING 
RICTtETS IN RAIS 

by J. Yudkin, Biochemical Journal, 37, 543-546, 1943 

calcification of bone is to a large 
ependent on the Ca/P ratio in the- diet. With the 


proposal to add calcium carbonate to National Wheatmeal 
flour, the author, who holds a Sir Halley Stewart Research 
Fellowship at the Dunn Nutritional Laboratory of the Univer- 
sity of Cambridge, has compared the power of the carbonate 
and the phosphate to prevent rickets in rats. 

Young rats weighing about 50 g. and kept in separate cages 
were placed on diets of 85 %-extraction flour plus 1 % sodium 
chloride to which tvere added varying amounts of calcium 
carbonate as creta preparata (B.P.) or calcium monohydrogen 
phosphate (CaHPO^). As controls, the flour was replaced 
by a white (75 %-extraction) flour, plus daily supplements of 
ancurin and riboflavin, or a diet containing 76 parts maize 
meal and 20 parts gluten. The highest amount of each salt 
added to the diet was equivalent to 3 % of calcium. After 
five weeks on these diets, the ash content of both femurs of 
each am'mal was determined and the knee-joints of the rats 
were x-rayed. 

Using white (70 %-extraction) flour and no added calcium, 
the ash content was between 32 % and 35 %. On adding 
calcium phosphate, the maximal ash content of about 50 % 
was reached with approximately 0-4 % calcium, and increas- 
ing the caldum to 3 % had little effect. With the carbonate, 
a maximum ash content of 42% was reached with 0-2% 
calcium. Increasing the calcium carbonate reduced the ash 
content until at a level of 3 % calcium intake the ash content 
^vas only 28 %. Similar results were obtained when National 
Wheatmeal (85 % extraction) flour was used, except that the 
maximal ash content reached with approximately 0-2% 
calcium administered as carbonate was the same as that when 
phosphate was fed. Similar results were obtained in experi- 
ments with maite-gluten diet. The rate of growth on the 
flom- diets was less with the carbonate than with the phos- 
phate ; this was reversed on the maize-gluten diet. 

The Ca/P ratio in white flour is 0-16, in National Wheat- 
meal flour O-IO, and in maize-gluten 0-10. Addition of 
calcium hydrogen phosphate (with 1-2% calcium as phos- 
phate) increases the ratio to approximately 1-0 for all diets. 
Addition of calcium carbonate increases the ratio to much 
higher levels; 0-2% calcium as carbonate gives a raflo of 
2-05 for white flour, 1 -10 for National Wheatmeal flour and 
maize-gluten. At Wgher levels of carbonate a rapid rise 
in the ratio occurs ; at 1 -2 % Ca the ratio is between 5 and 10 
and at 3 % Ca between 13 and 28. Thus maximum calci- 
fication recurred in all instances with Ca/P ratio between 
1 and 2. 
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EXPERIMENTS ON THE PRACTICABIUTY OF IN- 
CREASING CALCIUM ABSORPTION WITH PROTEIN 
DERIVATIVES 

by T. C. Hall & H. Lehmann, Biochemical Journal, 38, 117- 
119, 1944 

McCance, Widdowson & Lehmaim (1942) showed that by 
increasing the “ protein ” intake from about 60 to 160 g. 
protein per diem, the calcium absorption was increased. The 
present authors have examined the urinary excretion of cal- 
cium following the ingestion with peptone or with lactose. 
They have devised a powder containing 100 mg. calcium 
hydrogen phosphate (CaHP 04 ), 2,000 mg. peptone, 200 mg. 
glutamic acid, 550 mg. lactose and 150 mg. gum acacia. A 
powder in which lactose replaced peptone and glutamic acid 
was used as a control. 

After 14 hours, during which food and svater were with- 
held, 12 control powders v/ere given with 750 ml. water. Hie 
urine was collected during the next 5 hours and its calcium 
content was determined after conversion to ash. After an 
interval of at least 3 days, but not more than 5 days, 12 “ pep- 
tone ” powders were ^ven and the procedure was repeated. 

Nineteen experiments were carried out on 18 inmates of 
a mental hospital. In.J4 subjects the urinary calcium was 
higher after the “ peptone ” powders than after the “ control ” 
powders. Even when the amount of peptone was halved, 
a rise in the urinary calcium was still evident. In agreement 
wth the work of McCance & Widdowson ( 1939 ), where a 
normal serum-calcium existed before the test, the ingesU'on 
of the “ peptone ” powders did not raise the serum-caldum 
level. In one subject, however, with an initial serum-calcium 
of 0-8 mg. per 100 ml., the serum-calcium rose to the norm^ 
level on the “peptone” powder but not on the “h^- 
peptone” or lactose powders. After withdrawal of the 
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“ peptone ” powder, the serum-calcium declined to its initial 
level in 3 weeks. 
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PHYTIC ACID AND IRON ABSORPTION 

by R. A. McCance, C. N. Edgecombe & E. M. Widdowson, 

Lancet, 2, 126-128, 31/7/43 

An element must presumably be in solution if it is to be 
absorbed, and the presence in the diet of a radicle which 
precipitates the element will depress absorption. It has been 
shown by McCance & Widdowson (1942 a, b) that phytates 
depress calcium absorption. Barrett (1942) has shown that 
calcium depresses oxalate absorption by the formation in 
the intestine of the relatively insoluble calcium oxalate. In 
experiments on the effect of brown bread on absorption of 
calcium, Widdowson & McCance (1942) found some evidence 
that the ph3dic acid in brown bread might interfere with the 
absorption of iron. 

Four normal men and 5 normal women were used for the 
present experiments. Each person carried out 4 tests, 2 to 
measure the effect of sodium phytate on the absorption of 
ferrous iron and 2 to make a similar study with ferric iron. 
In some cases additional experiments were carried out in 
which phosphates replaced phytates. After an overnight 
fast the subject came to the laboratory and a sample of blood 
was taken. Breakfast consisted of bread and jam and 
ferrous or ferric ammom’um sulphate. The amounts eaten 
by each individual were equal to 1 • 8 g. bread, 1 • 1 g. jam and 
8 mg. iron per kg. body weight. The iron salt was mixed 
with jam and spread on the bread. Sodium phytate was 
incorporated into the diet when desired by mixing it with 
the bread dough (made from low-extraction flour) before 
baking. When the effect of phosphate was being studied, 
di-sodium hydrogen phosphate was added to the bread in 
similar proportion. Samples of blood (from the ante- 
cubital vein, using stainless steel needles) were collected 
li-2 hours, 4-5 hours, and 7-8 hours after breakfast. In 
the estimations, the iron of the serum was converted to ferric 
thiocyanate, and the intensity of the colour developed was com- 
T'T . with that of a standard in a photo-electric colorimeter. 

It was found that sodium phytate interfered with the 
absorption of iron. Disodium hydrogen phosphate had a 
similar but less regular effect. The absorptions of both 
ferrous and ferric iron were affected by sodium phytate, 
but there was a greater retarding effect on the absorption of 
the latter. 

Without the sodium phytate it was found that appreciable 
quantities of iron were absorbed from the intestine after a 
large dose of soluble iron salt. If sodium phytate added to 
bread has such an effect, it is fairly certain that the phytates 
of whole cereals would behave similarly and would be capable 
of immobilizing iron present in the rest of the diet. 
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STUDIES IN VITAMIN B DEFICIENCY WITH SPECIAL 
■REFERENCE TO MENTAL AND ORAL MANIFESTA- 
TIONS 

by A. G. Clarke & F. Prescott, British Medical Journal, 2, 
503-505, 23/10/43 

This report from the 'Pf'est End Hospital for Nervous Diseases 
and the Wellcome Research Institute, Londo n, deals with 17 

* [see also 496, 520, 522, 523, 524, ^ 

534,536, 537, 539, .543] 


cases of deficiency of the vitamin-B complex in patients whn 
were being treated primarily for functional nervous disorders 
the mam symptoms of which were depression, headache 
insomnia, and loss of appetite. Other symptoms were lack 
of energy, fatigue on slight exertion, breathlessness, inability 
to concentrate, and nervous dyspepsia. There was one case 
of psychosis and four patients had peripheral neuritis All 
the patients had glossitis and nearly all cheilosis. Seven 
typical case records are given in the original paper, which 
also contains photographs illustrating the effect of treatment. 
Although in most cases the deficiency seems to have been 
determined by the wartime diet, it was actually precipitated 
only when mental or physical factors led to loss of appetite 
or impaired absorption,- These factors included adherence 
to special diets (for peptic ulcer, obesity, and hypertension) 
and conditions interfering with the absorption of food 
(vomiting and gastro-intestinal diseases). 

Striking improvement occurred in all the cases as the 
result of treatment with vitamins of the B complex without 
alteration of the environment or special psychological 
measures. 
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SOME PROBLEMS IN RIBOFLAVIN AND ALLIED 
DEFIOENCIES 

by H, S. Stannus, British Medical Journal, 2, 103-105 
& 140-144, 22/7/44 & 29/7/44 

These two papers are the substance of the Lumleian Lectures 
delivered before the Royal College of Physicians of London 
in April 1944. During the years 1912 to 1913, the author 
published an account of an outbreak of pellagra amongst 
long-term prisoners in Nyasaland whose staple diet was 
rice. Attention was directed to a group of symptoms which 
tended to precede the onset of the classical signs of pellagra 
by some months, and in some instances persisted without 
the development of frank pellagra. The manifestations 
included r soreness of tongue' and lips with a characteristic 
lesion at the comers of the mouth, and with a similar condition 
about the nostrils, palpebral fissures, the free border of the 
prepuce, the vulva and anus, together with a dermatosis of 
the scrotum, often also involving the skm of the adjacent 
part bf the thigh. This syndrome, limited to lesions of the 
oral aperture, was not uncommon among the general native 
population. Amongst the prison patients, deafness and 
dimness of vision were also noted but not associated at that 
time with the syndrome. 

In 1936, the author collated a number of published ob- 
servations which he considered were akin to the original 
syndrome and used the term “ pellagra-like conditions" 
in order to focus attention upon malnutrition as the cause. 
Moore (1930-1937) and Landor & Pallister (1935) published 
accounts in which the original syndrome was described and 
attributed to a dietetic deficiency which responded to auto- 
claved yeast or marraite. 

In 1938, Sebrell & Butler extended the animal experiments 
of Goldberger & Tanner (1925) to include man. Eighteen 
women were kept on a riboflavin-free diet, and after 94 to 
130 days, 10 of them developed lesions on the lips, at the angles 
of the mouth, in the vestibule of the nose, etc., comparable 
to those described by Goldberger & Tanner as “ pellagra 
sine pellagra ” in their animals and those described by 
Stannus in man. As these lesions disappeared after ribo- 
flavin therapy they suggested that “ the term ariboflavinosis 
be added to the nomenclature of the vitamin-deficiency 
diseases as a designation for the clinical condition due to 
riboflavin deficiency.” Stannus prefers the term hypo- 
riboflavinosis ”, as there is reason to believe that death occurs 
long before the advent of ariboflavinosis. Later work has 
extended the symptoms and signs of ariboflavino^s (see 
Sydenstricker, 1941), but the present author holds that the 
differences between the newer syndrome of anboflavmosis 
and those included in the older syndrome are differences m 
degree only. Many groups of symptoms, combined mto a 
series of overlapping syndromes due to raalnutntion d^g 
the Spanish Civil War 1936-9 have been described by Mdr- 
quez Blasco & Peraita (1940), Jimenez Garcia & Grande 
Coviin (1940). 

As riboflavin, forms the link betvveen 
hydrogenase system and the srobic 
chrome-oxidase ; oxygen system, Stannus sugg 
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h>’poribonavinosis the capillao’ endothelium will be one of 
the' first tissues to suffer from the induced anoxia. This 
anoxia produces a derangement of function which he terms 
“ capiilao’ dysergia ”, with the development of loss of tone, 
dilatation and a decreased rate of flow of the blood, which 
in turn leads to a disturbance of the internal environment 
and so to a metaboUc disorder of the adjacent tissues. If 
this is so, the signs of hyporiboflas’inosis will be first mani- 
fested in those tissues with a high metabolic activity and a 
marked degree of capillarity. On this hypothesis the author 
offers an explanation of the nature and distribution of 
the signs and symptoms of a riboflavin deficiency. The 
worsening of the hyporiboflavinosis lesions as a result of 
the administration of nicotinic acid is attributed to the 
vasodilator action of that substance. Of the ocular mani- 
festations, Stannus holds that dimness of vision, which has 
to a large extent been disregarded by American observers, 
is part of the general capillary dysergia which produces a 
condition akin to a retrobulbar optic neuropathy. As to 
the question of comeal vascularization, he deplores the fact 
that few workers in this field appear to be cognisant of the 
work of Graves (1934) on the vascularization of the cornea 
and believes that the vascular changes can be successfully 
studied only with the aid of capillario-dilator and -constrictor 
drugs. The author does not beUeve that it is possible to 
formulate any satisfactory notation for describing the degree 
of vascularity of the limbus and cornea, as has been attempted 
by Lyle, Macrae & Gardiner (1944). From his observations 
by slit-lamp microscopy of the eyes of nearly 5,000 subjects, 
between 3 and 93 years of age, Stannus believes that there 
is always a complete limbic plexus and that there is no narrow 
avascular zone between the limbic plexus and the sclero- 
comeal junction. Whilst comeal vascularization is not 
an unequivocal sign of hyporiboflavinosis, it does occur. 

Following the work of Philpot & J’irie (1943), who sug- 
gested that thfe comeal supply of riboflavin might be through 
thj lacrimal secretions rather than the blood of the limbal 
loops, Stannus beUeves that the earliest trophic changes in 
the cornea, due to riboflavin deficiency following a decreased 
lacrimal secretion, produce proliferation-promoting inter- 
cellular hormones (Loofbourow, 1942 ; Loofbourow, Webb, 
Loofbourow & Abramowilz, 1942) which stimulate the loops 
of the limbic plexus to throw out new vesseb. This would 
also aflford an explanation of the similar if not identical 
comeal vascularization met with in vitamin-A-deficient rats 
^olbach & Howe, 1925). The neurological symptoms 
included in the syndrome under discussion, all of which are 
sensory and comprise muscle weakness, inco-ordination, 
ataxia, parresthesia and loss of visual and auditory acuity, 
are considered to arise from disturbances of the capillary 
®tJPPly. particularly to synaptic structures in the cerebellum, 
and are in accord with the degree of capillarity of the various 
pa^ of the nervous system as determined by Craigie (1940). 
^e author believes that the little pathological evidence which" 
IS available concerning hyporiboflavinosis supports his 
Viewpoint. 
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THE NUTRITIVE VALUE OF THE NITROGENOUS 
SUBSTANCES IN THE POTATO AS MEASURED BY 
THEIR CAPACITY TO SUPPORT GROWTH IN YOUNG 
RATS 

by H. Chick & M. E. M. Cutting, Lancet, 2, 667-669, 27/1 1 /43 

This paper from the Nutrition Division of the Lister Institute 
was the result of work carried out to test the advisability of 
substituting potatoes for a proportion of the wheat consumed 
in Britain, with a view to economy of shipping space. Dried 
potatoes differ little from flour from a calorific point of view, 
but, as usually eaten, the potato has a much lower calorie 
value as it contains 75 % of water, as opposed to 33 % in the 
case of bread. Potatoes are a better source of vitamins than 
wheat. They have approximately as much vitamin Bj, ribo- 
flavin and nicotinic acid as wheat and, in addition, may 
contain appreciable amounts of vitamin C. No fat-soluble 
vitamins are present. 

The potato contains about half the amount of nitrogen 
present in wheat and about -J- to i the amount of protein. 
The potato differs from wheat in having about half its nitro- 
genous substances in the form of amides, arrlino-acids and 
purines. Kon & Klein (1928) have demonstrated that, 
weight for weight, the nitrogen of the potato is at least as 
efficient as the nitrogen of wheat for the maintenance of 
nitrogenous' equilibrium in adult man and animals. Un- 
fortunately, however, the large proportion of starch in pota- 
toes suggests that it would be necessary to eat an impossible 
bulk in order to obtain enough nitrogenous matter for the 
optimum requirements of growth. The experiments reported 
in the present paper had the object of comparing the effect 
of potatoes with wheat on the growth of young rats from the 
time of weaning. 

King Edward potatoes were used, containing 1 • 8-2 % of 
nitrogen (reckoned on the dry weight). In some experiments 
the protein separated from the expressed juice was used as 
a source of nitrogen, in others the protein-free juice was used, 
and in others the whole potato. Vitamin and mineral 
supplements were given as well. The intake of dried food 
for all rats in one group was measured together, as well as 
the dry weight of the feces passed and their nitrogen content. 

The value of the nitrogenous substances in the potato for 
supporting growth in young rats was found to be somewhat 
greater than those of whole wheat. Addition of sodium 
citrate to the wheat diet in amounts sufficient to make the 
alkalinity of its ash equal to that of the potato was without 
effect. A diet containing 9 % of tuberin, the soluble protein 
of potato juice, was equal to one containing 1 1 % whole wheat 
protein, but not equal to one containing 11 % casein. 

The results obtained can be explained only by assuming 
that some portion of the non-protein nitrogenous substances 
in the potato complements the amino-acids of its protein 
to produce a mixture of biological value not less than that 
of protein itself. 
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THE BIOLOGICAL VALUE OF MIXED PROTEINS IN 
FOOD SERVED IN ROYAL AIR FORCE AIRMEN’S 


MESSES 

by T. F. Macrae, K. M. Henry & S. K. Kon, Biochemical 
Journal, 37, 225-230, July 1943 


Relatively little is known of the biological value of proteiiK 
as supph'ed in mixed human dietaries. The authors of this 
paper report experiments to determine the biological value 
of the combined proteins in food served at 4 Royal Air 
Force Stations. At each Station the total food available 
to 5 airmen at all meals during 1 week was collected, stored 
at — 20'’C. for 7 days, -and pulverized in the frozen state. 
The pulverized frozen material was dried at a temperamre 
of 70° C., and then minced and finally pulverized in a coffee- 
mill. The resultant product was a fine brown-coloured 


VQcr. . * 

he biological \-alues and ‘ true digestibilities ’ of this 
duct as obtained from each of the 4 Stauons were deter- 
led by the method of Mitchell (Mitchell, I92-. ; Mitchell 
barman, 1926), using rats. The results of the 
ulated in full. They showed that the product obtained 
n the diets fiom each of the 4 Stauons had high biological 
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values (from 77'6 to 81 -2) and a high degree of digestibility, 
‘true digestibility ’ coefficients ranging from 83-5 to 86*3). 
Of single foodstuffs, only eggs and milk surpassed the mixed 
proteins of these diets in biological value. In their dis- 
cussion of results, the authors compare the figures obtained 
with those from comparable experiments from India and 
China. 

This paper is briefly reported here because of the interest 
of the method of converting a mixed diet to a homogeneous 
and stable product of great convenience for experimental 
purposes- For full details of method and results, reference 
should be made to the original paper. 
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EFFECT OF VITAMIN B ON THE GROWTH OF FIBRO- 
BLASTS 

by E. Paterson & M. V. Thompson, Biochemical Journal, 37, 
501-505, October 1943 

The effect on growth of the B-complex vitamins has usually 
been examined in vivo and vitamin B, has been assayed by 
its effect on the growth of laboratory animals. These ex- 
periments from the Southport Research Laboratories of the 
Christie Hospital and Holt Radium Institute, Manchester, 
were designed to test whether the growth-promoting effect 
could be demonstrated in vitro on explants of fibroblasts 
from the choroidal and sclerotic layers of the eyes of 9-day 
chick embiyds cultured by the hanging-drop method. Under 
standard conditions of preparation and culture, growth was 
assessed at the end of 48 and 96 hours in terms of the increase 
in area of the culture determined by measuring with a plani- 
meter the area of a projected drawing of the explant. All 
the results were compared statistically, the degrees of freedom 
ranging between 33 and 87. 

It was found, in the first place, that extracts prepared from 

: brains of pigeons, in which beri-beri had been produced 
J the method recommended by Kiimersley, Peters & Reader 
J928), were growth-promoting to fibroblasts, the effect being 
pioportional to the concentration of the extract. It was then 
shown that such extracts were significantly less growth- 
promoting than extracts from normal pigeon brains. Further 
experiments involving the separate addition of aneuiin and 
an extract of brewer’s yeast to growing explants gave rise 
to the conclusion that some component of the B complex is 
growth-promoting in vitro. This factor is probably not 
either aneiuin or biotin. The addition of aneurin could not 
be shown to increase growth whether the medium wAs or was 
not deficient in its content of the B-complex vitamins. 

The methods described in this paper may be satisfactory 
foi further direct testing of the growth-promoting properties 
of other constituents of the B complex. 
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SOME EXPERIMENTS ON THE POSSIBLE RELATION- 
SHIP BETWEEN VITAMIN C AND CALCIFICATION 
by G. Bourne, Journal of Physiology, 102, 319-328, December 
1943 

It seems well established that adequate amounts of vitamin C 
are essential for the laying down of the organic matrix of 
bone (see, for example. Bourne, 1942a), but the evidence so 
far available favours the view that the vitamin plays no part 
in the process of calcification. 

The work reported in this paper from the University 
Laboratory of Physiology, Oxford, seeks to clear up this point. 
Guinea-pigs, maintained on a scorbutic diet and injected with 
graded supplements of vitamin C, were fed alizarin Bordeaux 


(1 : 2: 5 : 8 tetrahydroxyanthraquinone), the special properly 
of which is. to stain newly-deposited bone salt. The r^lts 
suggested that the vitamin does play a part in the laying down 
of bone salt. These experiments, however, did not show how 
far the better deposition of bone salt in the animals receiving 
. supplements of the vitamin was simply due to greater avail 
ability of the necessary matrix. 

By a technique previously described (Bourne, 1942b), ob’ 
servations were made on the calcification process in a 1 mm 
hole bored aseptically in the femur of each of a number of 
guinea-pigs receiving ascorbic acid at various levels. By an 
ingenious device an attempt was made to differentiate the 
effects of ascorbic acid on developing trabeculae and (if any) 
on calcification. These experiments were foUowed by ob- 
servations on costo-chondral junctions stained variously by 
von Kossa’s silver nitrate method for demonstrating bone 
salt and by cobalt chloride and ammonium sulphide (Gomori) 
for freshly deposited calcium phosphate. The results again 
suggested that vitamm C is associated with the process of 
calcification, but it was found impossible to separate its 
functions in respect of bone-matrix formation and calcifica- 
tion since these two processes are simultaneous. 

Further investigations supported the results of Shwachman 
& Gould (1942) that bone phosphatase is reduced in the 
scorbutic guinea-pig. “ It appears likely that one of the 
functions of vitamin C is to allow the production of a phos- 
phatase-impregnated bone matrix upon which bone salt 
is immediately deposited. Vitamin C may play some part 
in the formation or stabilization of alkaline phosphatase.” 

Neither vitamin P (“ citrin ” Roche) nor sodium citrate 
resulted in the formation of more osteoid tissue, or in the 
deposition of more bone salt, than vitamin C alone. 
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OCULAR SIGNS OF RIBOFLAVIN DEFldENCY 


by W. J. W. Ferguson, Lancet, 1, 431-433, 1/4/44 

Since Sydenstricker, Sebrell, Cleckley & Kruse (1940) de- 
scribed certain ocular signs and symptoms which responded 
to riboflavin therapy, many workers have reported tyidely 
conflicting results. The author of this paper, who is the 
senior ophthalmic surgeon at the Sheffield Royal Infirmary, 
believes that differences have arisen mainly through lack of 
experience in the use of the slit-lamp, an imperfect under- 
standing of the normal variations of the appearance and 
vascularity of the limbus, and the inclusion of corneal vas- 
cularization due to other causes than riboflavin defiden^, 
but a particular recognizable type of comeal vasculariz^on 
which rapidly responds to adequate riboflavin therapy does 
exist. He deplores the terra “ circumcomeal injection, ^ 
the limbic plexus becomes congested and engorged on t e 


■lightest provocation. , t,- i, -c 

Riboflavin deficiency produces a vascularization wmcn is 
in extension of the normal limbic vascular system to the rue 
:ornea. The vessels are of very small calibre and run 
icially immediately under the epithelium, and they are ^ 
een with a comeal microscope and sliklamp when obse 
)y fight reflected from the iris. In reflated h^t, the v^seis 
ippear as very fine cobweb-like fines, in wffich an 
ipasmodic movement of the blood-corpuscles can * 

5uch a vascularization » should be visible ^l^ound the corneal 
'.ircumference and not in isolated patches, thoug i , „ 
« preint to the same depth in both com^ 
iere the author is in agreement with Gregory (1943) and 

i'irie (1943). 
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No sign of a deeper corneal x-ascularization nor any evidence 
of the consequent development of corneal inflammation or 
opacities has been encountered. Visual fatigue, but no loss 
of \’isual acuity, often accompanies this corneal vasculariza- 
tion. Fissures at the angles of the mouth, a dry scaly skin, 
a history of dry lips with a tendency to crack and redness of 
the tip of the tongue, occur in a large proportion of these cases. 
Riboflam in adequate dosage is followed by a rapid improve- 
ment in the subjective symptoms and a complete cessation of 
the circulation in the abnormal corneal vessels in 2-3 weeks. 

The vascularity of interstitial keratitis is deeper, with larger 
vessels having the broom-head type of distribution; that 
following superficial corneal ulceration or inflammation is 
coarser, localized and easily visible with a binocular loupe. 

An abnormal comeal vascularization characteristic of a 
very mild ribo0a\'in deficiency was found in 7-8 % of 422 
persons findustrial workers, students, institutional inmates 
and out-patients). In 13 subjects in which the effect of 10 mg. 
daily of riboflaNin was followed over an adequate period 
(3-4 weeks) a cessation of the abnormal comcaJ circulation 
was observed. 
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CORNEAL VASCULARISATION IN NUTRITIONAL 
DEnOENCY 

T. K. Lyle, T. F. Macrae & P. A. Gardiner, Lancet, 1, 
393-395, 25/3/44 

Tlus paper reports work carried out by three officers of the 
Royal Air Force on the instructions of the Director-General 
of Medical Services and the Director of Hygiene, Air Ministry, 
'^e relationship between comeal vascularization and nutri- 
tional state in nearly 4,000 Royal Air Force personnel has 
been studied for over 2 years at 22 localities, 10 in Great 
Brit^, 12 overseas. The overseas stations varied from sub- 
arctic to tropical desert. At selected stations the effects of 
supplementary diet were studied. 

The nasal, inferior and temporal quadrants of both eyes 
vere exammed and four types of vascularity were recorded.* 
Type A (score 0) a few small vascular twigs only on the 
limbus ; Type B (score 1) increased vascularity of limbus ; 
Type C (score 2) as in Type B but with vascular twigs in clear 
cornea; Type D (score 3) with vascular loops in a clear 
cornea-. 

^ Britam, where military rations were considered nutri- 
tionally satisfactory, 2,016 subjects were examined throughout 
the year, the average score was 5-1, and 22% had a score 
greater than 6. In overseas stations, where the standard of 
sedmg was excellent, the average score was 4-4, with 17 % 
® tropical station, where the diet con- 
sis of tinned fruit and vegetables, some poor quality fresh 
meat, much tinned meat, no fresh fish or eggs and where 

issued, the average score was 
with 75 % having a score of more than 6. 

. ^ ® affect of \^ous supplements was examined, at three 

. Britain, and on two occasions at a sub-arctic 

t:nn where the findings obtained initially corre- 

sponded closely ivith those in Britain. 

i. Unseized subjects in civilian quarters, and conse- 
quently recei\tog rations similar to those of civilians, 
were divided into four groups. After 21 days, a sig- 
cant mprovement was detectable in those receiving 
daily, with or without 100 mg. ascorbic 
'• •^> 50,000 international um’ts daily, had 

in effect. This experiment was made early 

station in the summer of 1942, neither 
_ . iO mg. daily nor nicotinamide 100 mg. daily 

as n R f sigmficant improvement in the groups taken 
„ '™ole, but some subjects with the most definite 

rihriH .'’^cularity did improve, especially on the 
nboflavin supplements. 
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iii. At a station near London in spring 1943, 353 airmen 
who had been on military rations for some months were 
divided into three groups: (a) a control group, (6) a 
second group which received 10 mg. riboflavin daily, 
(c) a third group which received 3 mg. aneurin, 3 mg. 
riboflavin, 50 mg. nicotinamide, 10 mg. calcium-d- 
pentothenatc and 3 mg. pyridoxin. No significant 
difference was observed in the three groups after 28 days. 

iv. In the summer of 1942, 289 airmen at the sub-arctic 
station were examined and their diet, which had not 
been entirely satisfactory, was supplemented with a 
mixture of highly nutritious foodstuffs which were 
calculated to add about 4,000 international units vita- 
min A, 0-5 mg. aneurin, 0-8 mg, riboflavin, 4-5 mg. 
nicotinamide and 120 mg. ascorbic acid to the daily 
ration. Re-examination after 5 weeks showed an 
improvement in the group as a whole, especially in 
those with initially high degrees of vascularity. 

v. The effect of supplements of liver and kidney to the 
diet, calculated to about 1 • 5 mg. riboflavin daily, was 
followed in 82 airmen for 4 weeks and 50 airmen for 
10 weeks in the spring of 1943. No significant im- 
provement was observed. 

The authors consider that, although many subjects on 
excellent dietaries had blood-vessels on the cornea, the 
average degree of comeal vascularity in a group of subjects 
is a reliable index of their general state of nutrition. Ribo- 
flavin is not the only nutrient concerned in the prevention of 
corneal vascularization ; it appears that other factors present 
in fraits and vegetables are operative. 
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AMBLYOPIA DUE TO A VITAMIN DEFICIENCY 
by P. B. Wilkinson & A. King, Lancet, 1, 528-531, 22/4/44 
This paper is based on observations made by the authors 
in Hong-Kong during the latter half of 1940. During this 
period 15 patients were seen who complained of gradual or 
sudden onset of dimness of vision. This symptom was 
associated with soreness of the tongue, giddiness, parssthe- 
ste, weakness of the limbs and other manifestations believed 
to be of nutritional origin. There were no external ocular 
signs of nutritional deficiency (although it was not possible 
to make slit-lamp examinations). Temporal pallor of the 
optic discs was seen in 3 patients, and in a fourth patient 
who ^vas an undoubted pellagrin there was a left-sided optic 
atrophy which later became bilateral. In the remaining 11 
patients, no abnormality of the optic discs was seen, but in 
these cases the visual defect had been of shorter duration. 
In 13 cases the pupillary reactions to light were retarded. 
In all but 2 cases perimetric examination showed constric- 
tion of the visual field. Radiological, neurological and 
hsematological findings were not such as to account for the 
visual defects. 

In discussing the etiology of the condition, the authors 
draw attention to a deterioration which had taken place in 
the diet of the social groups from which the patients came. 
Gradual improvement followed administration of dried 
yeast in doses of approximately 4 g. 3 times daily. ^ Much 
more rapid improvement was obtained by nicotinic add 
in doses of 100 mg. daily by mouth. 

The authors comment that it has for some time been 
recognized that malnutrition may cause amblyopia, and that 
their experience in this small series of cases supports this 
view. 


Disease of Teeth and Buccal 
Cavity 
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MOTTLED ENAMEL, M-HYPOPLASIA AND DENTAL 


VARIES 

y J. D. King, Dental Record, 64, 102-110, May 194-t 
t field investigation was made of the inddence and c-Vent of 
namel mottling, M-hypoplasia and dental “["‘f “ V®; 
aentary schoolchildren living in parts of Essex (high fiuoM. 
rater), Oxfordshire (fairly high fluorine water) and Sufi-olk 
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(low fluorine water). The districts were selected in con- 
sultation with colleagues (Bowes & Murray, 1935 ; Lowater 
& Murray, 1937 ; Murray & Wilson, 1942 ; Wilson, 1941) 
'^ho had already reported various related biochemical, 
clinical and geological studies in these and other parts of 
Britain. Many workers in different countries had previously 
observed that the general incidence level of dental caries is 
usually lower in areas where the population is largely affected 
by mottling of the enamel, and in such districts the drinking 
water frequently contains a higher fluorine content than 
elsewhere. The inference has been that the fluorine intake 
plays some part in depressing caries susceptibility. It was 
then reasonable to expect that, using the same diagnostic 
criteria for mottling, similar findings would be obtained if 
the individual teeth were considered in detail, as distinct from 
a more general assessment of the state of the mouth as a 
whole. The apparent absence of any definite relationship 
between caries and mottling in individual teeth disclosed by 
the present study- was therefore of interest. Further, while 
the data again showed a definite association between caries 
susceptibility and certain forms of hypoplasia, the author 
was unable to trace any association whatever between such 
enamel defects and presence or absence of mottling. The 
diagnostic criteria for the three dental conditions considered 
were as follows : 

Enamel Mottling ; 

(а) For children in the Maldon and Burnham districts of 
the county of Essex, mottling was classified as : 

No mottling (0). 

Slight mottling (1) : opaque white patches or streaks in- 
volving up to one-half of the occlusal or up to one-third of 
the buccal surface of the teeth. 

Medium mottling (2): similar conditions but involving 
more than one-half of the occlusal or more than one-third of 
the buccal surface of the teeth. 

Severe mottling (3); brown staining of the occlusal or 
buccal surface of the teeth, with or without pitting. 

(б) For children in the Bampton, Hook Norton, Launton 
and Littlemore districts of the county of Oxfordshire, and' 
Ipswich (Suffolk), enamel mottling was recorded after the 
methods of Dean (1938) but the degree of mottling was so 
tabulated as to fall into none, slight, medium and severe 
grades, in order to conform to tabulation of the data for 
comparison with extent of caries and hypoplasia. 

Dental carles : The method for recording incidence and 
extent of dental caries was identical with that used by King 
(1940) the diagnosis being dependent on examination with 
an illuminated mirror and a probe. 

M-hypoplasia : The hypoplasia recorded here excluded 
the more generally recognized but relatively uncommon form 
illustrated in most text-books and was confined to the much 
more prevalent type of defective calcification first described 
by M. Mellanby (1923, 1927, 1934) and referred to by King 
(1940) as M-hypoplasia. In estimating the incidence and 
extent of the latter defect, fully erupted teeth were graded 
primarily according to the surface roughness of their, buccal 
enamel as tested with a fairly sharp dental probe. As 
described previously, the grading was then given hypoplasia 
figures of 0, 1, 2 or 3, the figure 0 indicating “ normality ” 
of calcification or no hypoplasia. 

Results 

i. Essex 

Of the 50 children of 12-14 years examined, 46 (92%) 
showed some evidence of enamel mottling according to the 
writer’s classification, and this figure would probably have 
been higher had the diagnostic criteria of Dean (1938) been 
employed. In this group of subjects, 18 (36%) were com- 
pletely free from caries as judged by careful mirror and probe 
examination. Considering the first permanent molars, and 
first and second premolars separately and in more detail, the 
following findings were reported : 

First permanent molars : Of the 175 examined, 109 (6? %) 
were mottled, 55 (31 %) were carious and 84 (46%) were 
grade 2-3 (moderately or severely) hypoplastic. As regards 
the possible association between these three conditions : 

of 109 mottled teeth, 26 % were carious ; 

of 66 non-mottled teeth, 41 % were carious ; 

of 109 mottled teeth 46 % were grade 2-3 hypoplastic ; 


of 66 non-mottled teeth, 51 % were grade 2-3 hvnn 
plastic ; ^ 

of 84 grade 2-3 hypoplastic teeth, 65 % were carious, 
of 91 grade 0-1 hypoplastic teeth, none were carious. 

First and second premolars : Of the 361 examined, 264 
(73 %) were mottled, 11 (3 %) were carious and 176 (50%) 
of 353 teeth * were grade 2-3 hypoplastic. As regards the 
possible association between these conditions : 

of 264 mottled teeth, 2 % were carious ; 
of 97 non-mottled teeth, 5 % were carious ; 
of 256 mottled teeth,* 46 % were grade 2-3 hypoplastic • 
of 97 non-mottled teeth, 59 % were grade 2-3 hypo- 
plastic ; 

of 176 grade 2-3 hypoplastic teeth, 4 % were carious ; 
of 177 grade 0-1 hypoplastic teeth, none were carious. 

ii. Oxfordshire 

Of the 31 children of 12-14 years examined, 30 (97%) 
gave evidence of some degree of enamel mottling in one or 
more teeth per mouth, classified after the method of Dean ; 
5 (16%) were free from dental caries. Individual details 
were as follows : 

First permanent molars : Of the 117 examined, 81 (69 %) 
were mottled, 65 (56 %) were carious and 79 (68 %) were 
grade 2-3 hypoplastic. Regarding the possible association 
between these three conditions : 

of 81 mottled teeth, 58 % were carious ; 
of 36 non-mottled teeth, 50 % were carious ; 
of 81 mottled teeth, 67 % were grade 2-^3 hypoplastic ; 
of 36 non-mottled teeth, 69% were grade 2-3 hypo- 
plastic ; 

of 79 grade 2-3 hypoplastic teeth, 75 % .were carious ; 
of 38 grade 0-1 hypoplastic teeth, 16 % were carious. 

First and second premolars: Of the 211 examined, 143 
(68%) were mottled, 12 (6%) were carious and 80 (38%) 
were grade 2-3 hypoplastic. As to the association between 
these conditions : 


of 143 mottled teeth, 7 % were carious ; 
of 68 non-mottled teeth, 3 % were carious ; 
of 143 mottled teeth, 31 % were grade 2-3 hypoplastic ; 
of 68 non-mottled teeth, 53 % were grade 2-3 hypoplastic ; 
of 80 grade 2-3 hypoplastic teeth, 8 % were carious ; 
of 131 grade 0-1 hypoplastic teeth, 5 % were carious.* 


iii. Suffolk 

From the 200 children of 12-14 years examined, data for 
the premolar teeth only were recorded and of the 1,409 teeth 
studied 554 (39 %) were mottled, 190 (13 %) were carious 
and 593 (42 ^ were grade 2-3 hypoplastic. With regard to 
any association between these conditions : 


of 554 mottled teeth, 22 % were carious ; 
of 855 non-mottled teeth, 8 % were carious ; 
of 554 mottled teeth, 52 % were grade 2-3 hypoplastic ; 
of 855 non-mottled teeth, 36 % were grade 2-3 hypo- 
plastic. 

of 593 grade 2-3 hypoplastic teeth, 29 % were carious ; 
of 816 grade 0-1 hypoplastic teeth, 2 % were carious. 

Statistical analysis of the data was then made by the 
and another test, the results of which can be expressed 
briefly as follows : 

(o) In no instance could any negative or inverse association 
be found between enamel-mottling and dental caries. In- 
deed, in the Essex premolar teeth a positive associaUon 
existed between the two conditions — the more the mottling, 


the more the caries. 

(6) Only in the Oxfordshire premolar teeth was there any 
negative association between mottling and M-hypopIasia, ue. 
the more the mottling the less the hypoplasia. 

(c) A positive association was found between 

plasia and caries in all but the Oxfordshire premolar ee , 
and in those the caries incidence was too low for any in- 
ferences to be drawn with safety. 

(d) From (6) and (c) it is apparent that the only instance 


[Of the 361 premolar teeth examined for mottling 
ere so severely mottled that insufficient enamel was present o 

buccal surface to allow hypoplasia grading.] Flcher 

[Particulars of this statistical test are to be found m F's - 
A. (1936) Statistical methods for research workers, 
nburgh.] 
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of a negative association between mottling and cither of the 
-other two conditions was that between mottling and M- 
■hjpoplasia of the Oxfordshire prcmolar teeth, in which M- 
hj^oplasia and caries were unrelated. 

(e) As regards mottling and caries, when Analysis was 
confined to those teeth showing the more severe grades of 
mottling, there was no significant association between the 
condiuons. 


Deciduous dentition 

The details relating to the deciduous teeth were not analysed 
in detail. In Essex, of 50 children under the age of six years, 
31 (62%) showed e\idcncc of enamel mottling in one or 
more deciduous teeth per mouth, according to the writer’s 
classification. In O.vfordshire, of 39 children between the 
ages of five and twelve years, 24 (62%) showed mottling 
according to Dean’s classification. In the latter district, 
of the 525 deciduous teeth examined 127 (24 %) were affected 
by some degree of mottling, and of these 62% were also 
carious; 141 out of 398 (35%) non-moUlcd teeth were 
carious. A negative association between mottling and caries 
was again lacking but a positive relationship existed between 
M-hypoplasia and caries. It was also noted that even in the 
Essex area, where mottling of the permanent teeth was 
relatively severe, deciduous mottling was only of minor 
degree and mainly assumed the form of slight opacity of the 
tooth cusps, particularly of the posterior teeth. 

In a discussion of the findings, it is mentioned that the 
Essex children's drinking water contained up to 5 parts per 
million of fluorine : in Oxfordshire there was a varying but 
generally lesser amount ; and in the Suffolk district there 
was a relatively low fluorine content. Thus, there was 
confirmation of the results of previous workers as regards 
a lower general caries incidence level in communities whose 
drinking water contained comparatively large quantities of 
fluorine. On the other hand, such findings did not hold 
good when the caries susceptibility of the individual teeth w-as 
considered. The author points out that this apparent 
anomaly might be related to the fact that there is no cwdencc 
that all enamel opacities (other than those due to under- 
mining caries) are always associated svith the fluorine intake. 
Moreover, it is possible that fluorine may exert a protdttive 
influence on the teeth not so much by altering the develop- 
mental composition and structure of the teeth as by some 
unknown effect on the saliva or oral micro-flora ; if the latter 
he true then the existence of mottling per se might be merely 
a coincidental reflection of conditions at the time of tooth 
development. The author concludes : “ At the present time 
It is perhaps safer to limit our speculations to the statement 
that, with a given fluorine level, the visible demonstration 
of enamel mottling may depend on the fluorine intake or on 
other unknown factors on which, in turn, resistance to caries 
may be dependent or independent.” 
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TIffi improved DENTITION OF 5-YEAR-OLD 
^^^ON SCHOOL-CHILDREN : A COMPARISON 
between 1943 AND 1929 

Coumoulos, British Medical Journal, 

837-840, 24/6/44' 

given of the experimental and 
to ®'’®*^'8at>ons (MeUanby, 1918, 1923) which led up 
closelv that susceptibility to dental caries was 

and structure of enamel and dentine 

has been t properties of the dietary'. This work 

fished hi- ^ tietail in a series of special reports, pub- 
oj tne Medical Research Council (MeUanby, 1929, 


1930, 1934, 1936) in’which it was shown that vitamin D and 
other calcifying factors had a protective influence on the 
teeth. It was therefore advised that, in order to improve the 
dental health of the population, the dietary of pregnant 
women, infants and children should be changed to one of 
higher calcifying quality. It was suggested that this alteration 
could be best effected by (o) an increased consumption of 
milk, eggs and other foods comparatively rich in calcifying 
factors ; (6) decreased intake of cereals such as bread, oatmeal 
and oatmeal preparations ; and (c) addition to the diet of 
cod-liver oil or some other source of vitamins D and A, 
especially the former. During the last 25 years or so, the 
British Government has made special efforts to improve the 
nutrition of expectant and lactating mothers and their off- 
spring and amongst the measures introduced were increased 
supplies of milk (free or at a much reduced price) and, more 
recently, of cod-liver oil. Such improvements were, in fact, 
precisely those which Mellanby’s investigations had indicated 
would have a beneficial influence on dental health, and 
therein lay. the reason for the present study. Already, in 
1929, a dental examination had been made of 1,300 London 
children in which the incidence of caries and hypoplasia was 
recorded (Board of Education, 1931) and in 1943 it became 
possible to study these conditions in a group of London 
children of comparable age and living in the same districts ; 
on both occasions the same examination criteria were adopted. 
The following results show that changes in both surface 
structure of the teeth and caries incidence have occurred 
between 1929 and 1943 — the structure of the teeth has become 
better and the amount of caries has been reduced. 

Table I summarizes the findings as regards dental structure. 
The term M-hypoplasia refers to roughness of the buccal 


TABLE I — IS'CIDESCE OF N!*H\TOPLASIA IN DECIDUOUS TEETH 



1 

Total 

1 

! 

Percentages showing ; 



children 

j none 

little 

some 

much 

1943 

1,571 

' 1-2 

18-1 : 

47’4 

33-3 

1929 

1,139 

1 ° 

; i 

33-6 

58-5 


enamel compared with the enamel texture of puppies fed on 
diets relatively rich in vitamin D and containing the necessary 
calcium and phosphorus, such hypoplastic defects having 
been found to be closely related to caries susceptibility 
(MeUanby, 1918, 1923, 1929, 1930, 1934, 1936; Board of 
Education, 1931 ; King, 1940). It can be seen that, whde 
few children even now have a full complement of perfectly 
calcified teeth, there has been a considerable change for the 
better during the past fourteen years. In Table U the findm^ 
are given when the schools are divided accordmg to them 


TABLE n— INCIDENCE OF M-HYPOPLASIA IN DECIDUOUS TEETH AT 
THE DIFFERENT SOCIAL LEVELS 


Percentages showing : 


Social grading 
of school 


Highest grade (B -1-) 

1943 

1929 

2nd grade (B) 

1943 

1929 

3rd grade (B — ) 

1943 

1929 

4th grade (Q 

1943 

1929 


Total 

children 


none 

little 

some 

much 

190 

0-5 

25-8 

49-0 

24-7 

133 

0 

12-8 

30-8 

56-4 

582 

1-0 

14-8 

50-2 

34-0 

423 

0 

9-9 

36-4 

53-7 

556 

1-8 

18-0 

45-1 

35-1 

190 


4-7 

30-0 

65*i 

243 

0-8 

20-2 

44-9 ' 

34-2 

393 

0 

5-4 

33-3 ; 

61 *3 


ited social status. There are no “ 

schools (B -r) to ha\e te^ in 1929 there 

the schools m the other t^ worse 

1 suggestion that the quahty of structure 

; lower-grade schools. 
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juu iHDie uj. me mciaence oi dental taries in the two in- 
vestigations is set out, the examination criteria being as far 


TABU m — ^INCIDENCE OF DENTAL CARIES IN DECIDUOUS TEETH 



Total 1 
children 

i 

1 

Percentages showing : 

no 

caries 

little 

caries 

some 

caries 

much * 
caries 

1943 

1929 

1,604 
1,293 1 

1 

22-4 

4-7 

i 

25-9 

11-7 

22-4 

20-8 

1 

29-3 

62-8 


• Only 6 % of the children in this category in 1943 would corre- 
spond with the C6 group (very bad caries), compared with 54 % in 
1929. 


as possible identical. It is clear that a considerable improve- 
ment in dental health has occurred since 1929. Actually the 
improvement is even greater than might appear at first sight, as 
in 1943 only about 6 % of those in the “ much caries ” group 
could be classed in the “ very bad caries ” group (differenti- 
ated in 1929) compared with 54 % in the earlier study, which 
included a number of edentulous children. Separation of 
the children according to social level (Table TV) indicates that 
in 1943 there was distinctly less caries in the B + schools than 


TABLE IV— INCIDENCE OF DENTAL CARIES IN DECIDUOUS TEETH AT 
THE DIFFERENT SOCIAL LEVELS 


Social grading 
of school 

Total 

children 

Percentages showing ; 

No 

caries 

Little 

caries 

Some 

caries 

Much 

caries 

Highest grade (B -b) 






1943 

193 

29-5 

28-5 

21-2 

20-7 

1929 

147 

6-1 

17-7 

15-6 

60-6 

2nd grade (B) 






1943 

596 

20-8 

27-7 

22-0 

29-5 

1929 

480 

6-5 

11-3 

22-6 

59*6 

3rd grade (B — ) 






1943 

569 

22-9 

23-6 

21-1 

32-5 

1929 

210 

3-8 

10-5 

22-9 

62-8 

4th grade (Q 






1943 

246 

19-5 

25-2 

27-2 

28-1 

1929 

456 

2-8 

10-5 

19-5 

67-1 


in the other three grades. In 1929 there was a slight tendency 
for caries to increase from the better to the poorer schools. 
In addition to the main survey, a subsidiary group of 266 
children, not comparable with those in any of the 1929 
schools, was examined in 1943 ; the findings were in general 
similar to those in the main 1943 investigation. 

Other results, not considered in so much detail, concern 
arrested caries and association of M-hypoplasiq and caries. 
It was found that, in at least some teeth, 28 % of the 1943 
subjects showed evidence of arrest of the carious process. 
An indication was also obtained that some post-eruptive 
influence (direct or indirect) appeared to have qualified to 
some extent the previous close association between the 
surface structure of the teeth and their susceptibility to decay. 

In a discussion of the results the authors summarize their 
findings as follows : 

“ The data obtained in this survey show clearly that there has 
been a distinct improvement since 1929 in the dental condition of 
5-year-old children attending London County Council elementary 
schools. The quality of the teeth is now better ; in 1943, 19 % 
of the children had teeth of good structure, compared with 8 % 
in 1929, while the percentages with very defectively formed teeth 
(i.e., teeth with ‘ much ’ M-hypoplasia) were 33 and 58 respect- 
ively. The reduction in the incidence of dental decay is even more 
striking: in 1943, 22% of the children were ‘caries-free,’ com- 
pared with 5 % in 1929, while only 29 % had ‘ much ’ caries in 
1943 as compared with 63 % in 1929. When the schools were 
grouped according to social status there was little difference in 
dental condition as regards both structure and caries between the 
various grades, though the teeth tended to be rather better in the 
highest-grade schools in 1943 and in the two highest grade schools 
in 1929.” 

They go on to point out that, as the teeth of the 1943 
5-year-old children were in the main formed in the immediate 


pre-war years and the first year of the war, the cause of the 
improvement in these particular children must be sought 
among factors operative at and since that time, and con- 
trasted with the conditions in the years 1922-29, when the 
teeth of the. children examined in the previous survey were 
developing. The possibility that the changed dietary, in- 
eluding increased intake of vitamin D and calcium,’ the 
provision of cheap milk and cod-liver oil to infants’ and 
young children, together with the addition of vitamins A 
and D to the margarine and of calcium carbonate to the 
bread, has played a significant part in decreasing caries— sus- 
ceptibility is also discussed. In this respect the improved 
dental structure would seem to afford some evidence, but 
the authors are inclined to believe that some other unknown 
factors have also been at work. Among the latter they 
mention the possibffity that changes in the carbohydrate 
intake or a greater use of the tooth-brush may be here in- 
volved but rightly point out that ” the basis of these suggested 
factors [i.e. carbohydrate intake and tooth-brushing] is too 
insecure at the present time to allow their effects to be assessed 
adequately.” In conclusion, the authors state that "It is 
possible ^at the elimination of dental caries may not be 
attainable until its. immediate cause is known, but even 
\vithout this knowledge it is probable that a continuation and 
extension of the present nutritional policgr and its more whole- 
hearted adoption by the pubh'c would bring about further 
improvement in the architecture of the teeth and in their 
subsequent resistance to decay.” 
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FLUOROSIS AND DENTAL CARIES ON TYNESIDE 
by R. Weaver, British Dental Journal, 76, 29-40, 21/1/44 

The teeth of 500 children aged five years and 500 children 
aged twelve years were examined in each of two towns in 
North-East England. Special attention was paid to the 
incidence and extent of dental caries and enamel mottling. 
Two methods were used for recording caries : (i) a modified 
form of that employed by M. Mellanby (1934), which allowed 
the comparison of groups of subjects by means of “ average 
caries figures ” ; , and (ii) another adapted from American 
workers in which the conditions found were expressed as 
the average number of teeth per child which were decayed, 
missing or filled (“ average DMF ”). For mottling, the 
criteria were as follows : (a) no mottling ; (b) questionable 
mottling, paper-white patches on the enamel of only one 
tooth ; (c) very slight mottling, similar patches involving 
less than 25 % of the surface of two or more teeth ; 
{d) slight mottling, similar conditions involving 25-50 % 
of the enamel surface of two or more teeth. The more 
severe forms of mottling, including pitting, brown staining 
and change in tooth contours, were not found. 

The state of nutrition of the children was also roughly 
assessed according to the four nutritional categories suggested 
some years ago by the Board of Education, viz. : A, excellent ; 
B, normal ; C, slightly sub-normal ; and D, bad. Finally , 
the water supplies for the two towns were analysed with 
particular reference to their fluorine content, and an account 
was given of the economic, sociological, geographical and 
other conditions obtaining in North and South Shields. 

Results : The towns from which the examination subjects 
were selected were only about 500 yards apart, being separate 
by the River Tyne, but a considerable difference was found m 
the caries susceptibility. The only other difference w ic 
■the author could determine was in the fluorine content ot me 
water supplies of the communities north and south ot me 
river. In North Shields, the drinking water contained 
than 0-25 parts per million of fluorine ; in South Shields me 
water contained approximately I ‘4 parts per milhon 
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fluorine. The detailed results may be briefly summarized 
as foUous : 

i. Extent of caries in deciduous teeth of 5-ycar-old children. 

North Shields South Shields 


Number of teeth considered ... 3,279 1,951 

Awrage caries figure 16-0 9-5 

AwrageDMF fi'fi 3-9 

ii. Extent of caries in permanent teeth of 12-ycar-old 
children. 

North Shields South Shields 
Number of teeth considered ... 2,133 1,195 

Awrage caries figure 10-0 5'1 

Awrage DMF 4-3 2-4 


The incidence of dental caries in the permanent teeth in 
South Shields wtis only 56 % of that in North Shields. 

iii. No case of definite mottling of the deciduous teeth 
Vi-as seen in any of the 1,000 children examined. 

iv. No relationship could be found between dental caries 
and mottling, as shown for the permanent teeth of 500 
children: 



Number of 

Number 

Average 

Aver- 


children 

caries-free 

earies 

oqc 




figure 

DSfF 

Mottling absent 

366 

KM 

5-0 

2-3 

„ questionable ... 

28 

3 

6-1 

2-7 

„ '■cry slight 

88 

18 

5-5 

2-6 

„ slight 

18 

4 

5-3 

2-3 


The author then discusses his findings with reference to 
those of prexious workers and, though he appears to believe 
that the higher fluorine concentration in South Shields was 
related to the lower caries susceptibility, he makes no sug- 
gestion as to how the increased resistance of the teeth is 
brought about 

Reference 

MeDanby, M. (1934) Spec. Rep. Ser. med. Res. Coun. No. 191 
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fluorine and DENTAL CARIES : FURTHER IN- 
'I'ESTIGATIONS ON TYNESIDE AND IN SUNDERLAND 
by R. Weaver, British DentalJournal, 77, 185-193, 6/10/44 
In a prerious paper (Weaver, 1944) the author reported the 
low incidence of dental caries in children of South Shields 
^ compared with the incidence in the neighbouring town of 
No^ Shields. The drinking water in South Shields had a 
higher fluorine content. Examination of available statistics 
show^ no evidence of superior general health of the South 
bluelds population. A further survey of the dental con- 
mtion of children of 14 years and over showed smaller 
dinerences in the incidence of caries in areas having a water 
^ply of ^ering fluorine content. The incidence of un- 
ited caries in mothers from North Shields and South 
at^ds did not-differ appreciably. 

The author concludes that fluorine (if this is indeed 
e canes-inhibiting factor) postpones, but does not prevent, 
tb't ^i"gues from data presented in the paper 

' fwti, ^ries-mhibiting factor exerts its influence on the 
! 'hi^g the pre-eruptive period. If this is true, the 

fn th , u topical application of fluorine solutions 

e teeth in caries prophylaxis would seem to be doubtful. 

' Rhference 

* Weaver, R. (1944) p^it. dent. J. 76, 29 
^bee£MBS27] 
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GUMS AND GINGIVrnS IN NAVAL 

^y A. C. Macdonald. Lancet, 2, 697-699, 4/12/43 
^ reported the results of a survey of the inci- 

■ fitna\-al ' gums and gingivitis in otherwise physically 

i shies service in three small sea-going 

sea-Eoin ^ ®Wp. The men of the largest of the three 
other th^ observed over a period of 14 months, the 

''■ere on „ r only one occasion. All the subjects 

uu service diet and had a considerably better fruit 


and vegetable content of the diet than the members of the 
armed forces or civilians resident in England. Whilst at 
their bases abroad daily issues of fruit juices were made, and 
in the two smaller ships the men were encouraged to take 
multivitamin tablets [composition not stated]. In all, 614 
men were examined, of whom 6-5 % were edentulous, 2T8 % 
showed a mild gingivitis and 6'7 % a severe gingivitis. The 
incidence of gingivitis was higher in the sea-going ships and 
in the ovcr-30-ycars age-group. In the group of 156 men 
kept under observation for 14 months, 17 men reported their 
condition spontaneously ; of these 1 1 had ginpvitis, 4 were 
cases of acute ulcerative Vincent’s infection of the gums and 
2 had botli symptom-complexes ; all of these last 6 cases had 
a history of sore and bleeding gums. Examination of the 
whole slu'p's company disclosed 24 more cases of gingivitis, 
of whom 6 were undergoing treatment for syphilis with 
intravenous organic arsenicals. 

Treatment consisted in removal of the tartar by scaling. 
Intravenous arsenicals gave a good response in 8 days in 
acute ulcerative gingivitis or in those cases with faucial in- 
fection. The chronic cases responded most readily to 10 % 
chromic acid followed in one minute with hydrogen peroxide 
(to vol.) applied on cotton-wool pledgets. A normal 
mucopcriostcal junction was obtained in from 5-7 days in 
mild cases, and 7-12 days in the severe forms. 

During a two months’ observation a 22 % recurrence was 
observed. 
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GINGIVAL DISEASE IN GIBRALTAR EVACUEE 
CHILDREN 

by J. D. King, A. B. Francklyn & I. Alien, Lancet, 1, 495-498, 
15/4/44 

In the autumn of 1941 a high incidence of fairly severe 
gingivitis was found by Francklyn (1941, 1942) in a group of 
946 children evacuated to London from Gibraltar. As a 
result of this finding, Dr. King undertook, at the request of 
the Ministry of Health, a more critical investigation in a 
smaller group of 135 Gibraltar children of 10-14 years. Of 
these, 40 % were affected by lesions sirnulating the earUer 
phases of ulcerative gingivo-stomatitis (Vincent s disease) as 
compared xvith 1-2% of 403 English children. The fact 
that the lesions were prevalent in groups of Gibraltanans 
living in widely separated parts of London, beUveen whom 
there was little or no contact, precluded an infective basis for 
the disease. Moreover, although these ctuldren attended 
London* elementary schools and mixed with the English 
pupils, the latter were singularly free from the ulcerative 
disease. General mouth hygiene, occlusion of the teeth, 
incidence and extent of caries, and tartar deposition did n^ 
differ significantly from such conditions in more than 2,500 
English children examined by King at various times during 
the past six years. No obvious evidences of deficiency 01 
vitamins A, C or riboflavin could be found. Since, therefore, 
the resemblance to. Vincent’s disease seemed to be the most 
likely clue to the nature of the disorder, it was decided to 
carry out a therapeutic trial of the effects of mcotimc acid 
administration, previously found to be 
ment of gingival ulceration in adults (King, 1940a, 1943). 
Lack of co-operation on the part of both parents Md children 
led to restriction of the number of subjects for the test. 
Eventually, 36 boys receiving the same basal dietary were 
divided into four groups as follows : 

Group A. Each of 10 affected chfldren ivas given 50 mg. 
of nicotinic add daily for the five school days of two su^ 
cessive weeks : the vitamin was swallowed in tablet re™ ^ 
approximately the same time each day durmg the school 
morning session. _ 

Group B. Each of 11 affected subjects 
hydeme treatment for five consecutive days of one 
follows : - • I 

1st day : AppUcation of chrome ^ 

tissues, healthy as well as diseased, folio ^ 

by vigorous rinsing of the mouth "i 
(1:4 dilution). by 

2nd day: Removal of ‘artax b> s 
further application of chromic 
H»0,. 
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3rd day : Removal of any remaining tartar and vigorous 
syringing with H 2 O 2 . 

4th & 5th days : Syrmging with H 2 O 2 . 

Group C. Each of 10 affected boys was given 50 mg. of 
nicotim’c acid daily for the five school days of two successive 
weeks plus the local hygienic treatment (as for group B) for 
the five school days of the first week. 

Group D. A further 5 boys affected by the disease formed 
an untreated control group. Precautions were taken to 
prevent their receiving any medical or dental treatment 
elsewhere. 

The children were carefully examined and detailed records 
were made of their mouth condition (a) before the test 
period, (6) two weeks after the test began, and (c) four 
weeks after completion of treatment. As the investigation 
was on a relatively small scale, the results were expressed in 
terms of the individual gum regions rather than of the mouth 
as a whole. The method of classifying the lesions was 
developed from that used by King (1940b). The findings 
are briefly summarized in Table I, where gingival disease is 
shown as M + (slight marginal), M + + (more marked 
marginal), P + (sh'ght blunting) and P + + (more marked 
papillary disease involving sh'ght ulceration). 

TABLE I — RESULTS EXPRESSED IN TERiJS OF COMPLETE RECOVERY OF 
GUM REGIONS ORIGINALLY AFFECTED BY THE FOUR GRADES 
OF DISEASE 

A — Nicotinic acid ; B = Local hygienic ; C = Combined 
treatment ; D = Untreated controls 


Groups 

No. of 
regions 
origin- 
ally 
affec- 
ted 

Regions showing complete recovery 

After 2 weeks ^ 

After 6 weeks - 

Num- 

ber 

% 

Num- 

ber 

0 / 

/o 

M-b Lesions 



' 



A 

15 

10 

66-7±12-17 

15 

100-0 

B 

35 

31 

88-6± 5-37 

32 

91-4±4-74 

C 

21 

19 

90-5± 6-40 

21 

100-0 

D 

6 

0 


0 


M-b -b Lesions 






A 

52 

30 

57-7± 6-85 

36 

69-2± 6-40 

B 

49 

22 

4A-9±.7-ll 

33 

67-3± 6-70 

C 

69 

57 

82-6± 4-56 

64 

92-8± 3-11 

D 

31 

1 

0 

— 

3 

9-7± 5-32 

P-b Lesions 






A 

23 ! 

12 

52-2±10-42 

14 

^0-9±10-02 

B 

41 

9 

22-0± 6-47 

10 

24-4± 6-71 

C 

22 

4 

18-2± 8-23 

12 

54-5±10-62 

D 

14 

0 

... 

0 

... 

P-b -b Lesions 




j 


A 

28 

6 

21-4± 7-75 

11 i 

39-3± 9-23 

B 

13 

0 

... 

0 

... 

C 

19 

6 

31-6±10-67 

6 

31-6±10-67 

D 

10 

0 

... 

0 

... 


1 [At completion of treatment ; untreated controls re-examined 
on same date.] 

* [At follow-up examination (no further treatment).] 


This table shows the percentages of gum regions originally 
affected which completely recovered after 2 and 6 weeks 
respectively ; the figures are tabulated to indicate the relative 
effects of the three treatments compared with the controls 
for each type of lesion. Local hygienic measures produced 
good results in the sUght (M -f-) lesions but were less effective 
as the severity of the disease increased. In the most severe 
(p ^ lesions, local treatment produced no complete 
recoveiy, whereas the nicotinic acid alone and the combined 
treatments showed a significant 21 % complete recoveiy. It 
was however, necessary to obtain some finer assessment of 
improvement or otherwise than that indicated by complete 
recovery. It was observed that in untreated Cases pro- 
gression "from M -b to P + + disease often occurred, so 
that by marking “ normality ” as 0, M -f as 1, M -f -f as 2, 
p -f as 3 and P -b -b as 4, a total disease figure per mouth 
could be (^ciliated ; from this an average disease figure was 


obtained by dividing the total disease figure by the number 
of regions which were or could be affected. Table H gives 
the average disease figures obtained by this method for 


TABLE II — COMPARISON OF AVERAGE DISEASE FIGURES 

(M-b = 1, M -b + = 2, P -b =3, and P -}- + = 4 ) 

A = Nicotinic acid ; B = Local hygienic ; C = Combined 
treatrrient ; D = Controls 


Group 

At 1st 
exam, 
(fl) 

After 

2 weeks 
(6) 

After 

6 weeks 
(c) 

Difference 
between 
(a) and (6) 

Difference 
between 
(a) and (c) 

A 

1-21 

0-40 

0-41 

-0-81±0-10 

-0-80±0-ll 

B 

1-20 

0-47 

0-44 

-0-73±0-10 

-0-76±0-10 

C 

1-19 

0-26 

0-22 

-0-93±0-09 

-0-97±0-09 

D 

1-15 

i 

1-45 ! 

1 

1-33 

-b0-30±0-17 

+0-18±0-17 


Comparing A and D ... 

Ml±0-19 

0-98±0-20 


Comparing B and D ... 

l-03±0-19 

0-94±0-19 


Comparing C and D ... 

l-23±0-19 

M5±0-19 


Comparing A and B ... 

0-08±0-14 

0-04±0-15 


Comparing A and C ... 

0-12±0-14 

0-17±0-14 


Comparing B and C ... 

0-20±0-14 

1 

0-21 ±0-14 


(a) initial examination, (6) after two weeks, and (c) after sbc 
weeks ; and the differences between (a) and (b) and between 
(a) and (c). The controls, so far from showing improvement, 
deteriorated and, comparing them with each of the types of 
treatment, the differences are all statistically significant. For 
early lesions, local measures were effective but were pro- 
gressively less satisfactory as the lesions became more severe. 
Treatment with nicotinic acid alone or combined with local 
hygienic methods gave better results than the local treatment 
alone, particularly for the more severe lesions ; the results 
with nicotinic acid were, however, probably relatively de- 
layed. The vitamin combined with local measures appeared 
to be more effective than nicotinic acid alone. 

Finally a two-months trial of the effects of treating the 
lesions by administration of food-yeast {Torula iitilis) was 
conducted in a further group of 41 affected Gibraltar children 
living in hostels on the same basal dietary. The test involved 
the daily addition to the diet of 3-5 g. of food yeast for 24 
children ; the remaining 17 controls received no treatment 
or supplement. The results (Table HI), expressed more 
simply than for the main investigation, show that the yeast 


TABLE in — EFFECT OF YEAST SUPPLEMENTS ON THE GUM LESIONS 


No. of children with different 
grades of gingivitis 



I 

before test 

after test 


1 ^ 

. 13 

P 

2 




M± ... 

3 




Nil 

8 

E. Yeast supplement, 3-5 g.^ 

M±± . 

. 5 

M± - 

1 

daily (24 children) ^ 



Nil 

4 


M± . 

. 6 

M± - 

1 




Nil 

5 


P 

. 11 

P 

6 




M±± - 

4 




M± - 

1 

F. Untreated controls (17^ 

M±± •• 

. 1 

M±± - 

1 

children) ^ 






M± .. 

. 5 

M±± 

3 




M± - 

1 




Nil 

1 


* UiCCsOCliUUlCIi i. -r i t t . 

The condition here recorded for each child refers to the ["°st ® 
gum disease present in one or more of the regions examined.J 


supplements considerably improved gingival health, b 
was impossible to determine whether the beneficial ettew 
were due to the smaU nicotinic acid content (1-4 mg. daiiy; 
or to some other component. 
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The authors conclude that the findings of the investigation 
as a whole indicated that deficiency of the nicotinic acid 
component of tlie vitamin Bj complex played some part in 
the aitiology of the ulcerative lesions in the Gibraltar children 
studied, but that other undetermined faetors existed, more 
particularly in the milder M-type disease. In support of the 
latter belief, the main results of an unpublished investigation 
(by J. D. King) of non-uiccratire gingivitis amongst young 
factory workers are cited. In an untreated control group, 
50 % of 32 M + and 3 % of 32 M + + lesions recovered 
during an obser\’ation period of four weeks. The respective 
recovery figures in two other groups receiving nicotinamide 
(200 mg. daily) and ascorbic acid (200 mg. daily) for two 
weeks were 91 % of 54 and 63 % of 55 for the M + lesions, 
and 67 % of 41 and 17 % of 24 for the M + + lesions. 
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INCIDENCE OF GINGIVITIS IN THE ROYAL AIR 
FORCE 

by G. A. Smart, British Medical Journal, 2, 242-244, 19/8/44 
The author carried out a survey of the gums of random 
samples of airmen and ainvomen from eaeh of four Royal Air 
Force stations. The incidence of “ gingivitis ” was approxi- 
mately 40% of the 1,204 subjects examined, accor^ng to 
the criteria adopted. Of the affected personnel, 75-4 % were 
said to have non-ulcerative gingivitis, 8 • 9 % healed gingivitis, 
15-0 % chronic ulcerative gingivitis, and 3-0 % acute ulcera- 
tive lesions superimposed on pre-existing inflammation. 
Unfortunately, while a detailed description is given of the 
meanings of these disease terms, the standard used for 
" normality ” is less clearly indicated. Moreover, the 
author considers that one of the characteristics of healed 
gum lesions is absence of the interdental papills. This would 
imply that the disease has to progress to atrophy of these 
structures before signs of heah'ng become evident, which is 
clearly not true in many cases. Apart from one bomber 
station where the women’s gums were worse than the men’s, 
no significant sex differences were found. As would be 
expected, the incidence of gingival disease became higher as 
age increased. An indication was also found that the pre- 
Service social status of the personnel had some influence on 
susceptibility to gum disease, the condition being less preva- 
lent in the higher-income groups, and the author suggests 
that both dietetic factors and differences in personal hygiene 
ynsy he concerned here. Finally, with regard to differences 
in gingivitis incidence among diSerent categories of personnel, 
gum disease in the air-crews was significantly less than in the 
other groups. On the other hand, the incidence among those 
engaged in the preparation of food and associated duties was 
found to be significantly higher than among the remainder, 
excluding air-crews. He then remarks : “ If the condition 
is infectious this finding is obviously important,” but up to 
the present time, at least, there is no reliable evidence that 
most gingival lesions are infective and indeed there is much 
evidence to the contrary, so that this finding would scarcely 
seem relevant. There seemed to be no relation between 
the incidence of gingivitis and length of military service, but 
significant differences were found among the various trade 
groups, the incidence being lower among those who were 
more highly paid. No comments are made concerning the 
possibility that the relative amount of dental treatment re- 
ceived by the examinees might have had some influence on 
the gingival condition in the various groups. Some com- 
parisons are made between the general findings and the 
imestigations of gingival disease made by Semple, Price- 
Jones & Digby (1919), Whittingham (1932), Roff & Glaze- 
rook (1940) and Macdonald (1943) among different 
I7'^6 V ’'i "'hich the incidence figures ranged from 
' ih ^ (uncorrected for age variations) according 

°tv, '’“D'ing examination methods employed. In the 
au or s results a method of age-correction \vas used. 
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INCIDENCE OF BLEEDING GUMS AMONG R.A.F. 
PERSONNEL AND THE VALUE OF ASCORBIC ACID 
IN TREATMENT 

by W. P. Stamm, T. F. Macrae & S. Yudkin, British Medical 
Journal, 2, 239-241, 19/8/44 

An investigation was made between October 1941 and May 
1942 for the purpose of ascertaining the incidence of bleeding 
gums in the Royal Air Force and of assessing the value of 
ascorbic acid in the treatment of this condition. In addition, 
the ascorbic acid content of the food as served to the airmen 
in the messes was determined by the dichlorophenolindo- 
phenol method of Harris & Olliver (1942) during one week 
of the experimental period at each of the three stations con- 
sidered. 

Experiment i : The total number of personnel examined at 
the three stations was 1,791, and of these 344 (19-2%) had 
some degree of bleeding of the gums. The incidence varied 
between the stations and between different classes at the same 
station, but not to any significant extent. Of those with 
bleeding gums, 119 were given 200 mg. ascorbic acid daily 
for 7 days followed by 100 mg. daily for 14 days ; and 131 
received dummy tablets flavoured with tartaric acid, forming 
the control group. Precautions were taken to ensure that 
no other form of treatment was given to these men during 
the experimental period. 

No significant difference could be found between the two 
groups ; ascorbic acid did not have a more beneficial effect 
than the dummy tablets, and indeed the latter had a slightly 
better effect. It was also of interest that in 5 of the 119 
subjects having ascorbic acid, and in 9 of the 131 controls, 
ulcerative gingivitis developed during the experimental period. 
The average daily intake of the airmen at this time (Oct.- 
Nov. 1941) was 26 mg. ascorbic acid ; later, in the Spring 
of 1942, the intake was 17 mg. 

Experiment ii: At another Royal Air Force station, in 
April 1942, 122 out of 571 airmen (21-3%) had bleeding 
gums. Of the affected number, 68 were given 150 mg. 
ascorbic acid for 20 days, and 48 who received the dummy 
tablets served as controls. Again, the dummy tablets were 
rather more effective than the vitamin supplements. 

Experiment Hi: At the same station as in experiment ii, 
600 other airmen were examined for bleeding gums three 
times at intervals of three weeks during April and May 1942. 
Almost exactly the same percentage showed bleeding at each 
examination (about 20%), but only 57 of the 122 with 
haemorrhages at the initial inspection had bleeding at the 
final one. At the second examination the gums of 48 subjects 
(39%) had stopped bleeding entirely — about the same 
number as showed improvement in experiments i and ii — 
but at the same time 37 of the remainder had started to bleed. 
Similarly, at the third examination 34 had stopped bleeding 
while 41 had started. The authors felt justified in concluding 
that in Royal Air Force personnel in this country ascorbic 
acid is valueless in the treatment of bleeding gums, and that 
the incidence of such lesions is not related to the ascorbic 
acid intake. 
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STOMATITIS DUE TO RIBOFL.AVTN DEnCEE-NCY 
by H. E. Jones, T. G. Armstrong, H. F. Green & V. Chadwick, 
Lancet, 1944, 1, 720-723, 3/6/44 

In a North African camp containing 10,313 men of \arious 
races (Arabs, Berbers, Negroes, Ethiopians, Turks and 
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Europeans), 1,746 (16-93 %) were found to affected by 
a form of stomatitis. The signs and symptomi. included 
sore tongue, sore lips, some degree of trismus from the 
cheilosis, and excessive salivation ; except for their mouths, 
the patients felt in excellent health. The conditions cleared 
rapidly on addition of milk, meat and eggs to the diet, or on 
administration of riboflavin or yeast. 

Clinical findings : Lesions of the tongue began with sore, 
reddened areas at the tip and/or edges of the organ, where 
the papillae were less conspicuous than usual. This process 
then spread backwards in a triangular pattern with the base 
of the triangle at the tip and the advancing apex central and 
pointing towards the root of the tongue ; small areas of 
atrophy were often present in the unaffected areas. As 
atrophy advanced, the redness diminished, and during this 
intermediate stage alterations of the papillje were in general 
of two types : (a) enlarged, pale, flat-topped filiform papillic 
(“ white mushrooms ”) ; and (6) enlarged, less flattened 
fungiform papilla; with red centres (“ red mushrooms ”). In 
more advanced cases the tongue became increasingly smooth 
and shiny and fissures began to develop, radiating outwards 
from the median raphe. Sometimes, however, fissures were 
seen at much earlier stages or small, shallow, painful ulcers 
occurred. In the final stage the anterior part of the tongue 
was completely smooth and atrophic, with loss of papilla;, 
wasting, sharpened edges and tooth indentations. Occasion- 
ally a few petechial haemorrhages were observed on the under 
surface of the organ, but the magenta colour of the tongue 
described by others as characteristic of riboflavin deficiency 
was not seen. In their later phases the tongues did not 
apparently differ from those of pellagrins. 

In addition to the usual clinical examination, the slit-lamp 
microscope was employed for studying the above changes in 
the tongue papillae as compared with “ normal controls.” 
With the aid of this instrument the authors found that in 
the affected subjects the characteristic condition was denuda- 
tion of the filiform papilla of their filamentous processes and 
subsequent atrophy of the papilla themselves. The slit-lamp 
microscope showed the earliest alteration (loss of the filiform 
processes) in tongues which might appear macroscopically 
normal and might indeed have unusually prominent papilla, 
giving a false impression. The tongues were divisible into 
two groups, atrophic and hypertrophic, of which the atrophic 
were much more common. The tip of the tongue showed 
the same changes in both groups, but there were differences 
in the central area of the organ. At (he tip, both sets of 
papilla were somewhat swollen and their margins came 
together, forming a more or less smooth pavement without 
denudation. The fungiform papilla sometimes became 
opaque, with their contained capillaries hardly visible through 
the thinned and opaque epithelium covering them. The 
filiform papilla lost their hairs and were seen as naked 
structures with opaque, pearly-white epithelium obscuring 
the blood-vessels ; they began to resemble the fungiform 
papilla in shape, making it difficult to differentiate between 
the two. In the central area the atrophic type showed three 
stages : (i) denudation of hairs ; (ii) atrophy of the papilla 
themselves ; and (iii) complete disappearance of the papilla, 
leaving an entirely smooth surface tlurough which the linear 
streaks of the underlying vessels were indistinctly seen. 
For the hypertrophic variety of lesion the same changes 
occurred except that during stage (i) the filiform papilla, be- 
sides losing their hairs, actually grew larger ; they came to re- 
semble the fungiform papilla closely, but were distinguishable 
by their pearly-white opacity and the invisibility of their 
blood-vessels. Finally, sections from two affected tongues 
were compared with histological preparations from a normal 
one. The* changes observed included flattening of surface 
papilla, loss of ramification of down-growing epithelial 
processes, and complete cessation of epithelial growth. 

As regards the lips and cheeks, the second important change 
in the syndrome described was an angular stomatitis which 
was not infrequently unilateral in distribution. This started 
as a tiny, painful, raw, red area at the commissure of the lips 
where the mucous membrane joins the skin. The red area 
spread along the mucosa of the cheek and lower lip but 
tended to be confined to a size of less than 1 cm.®. Quite 
early this became covered with white epitheUum (like blotting- 
paper), which could not be scraped off easily, and the latter 
sometimes extended to form large sheets, criss-crossed by 
cracks and resembling dried mud which had flaked. Con- 
currently, smaU painful fissures often developed m the skin 


at the comers of the mouth. Tlie changes tended to sorearf 
to the mucosa of the lower lip, and in several cases S 
large, painful, oval ulcers developed. A less common 
finding on the lower hp comprised a group of small paoular 
swelUngs, each of pin-head size and slightly paler than 
the surrounding reddened mucosa. These lip changes nearly 
always appeared near the skin margin, the gingival parts beine 
spared. In only 20 of the 1,746 cases affected were lesions 
seen on the mucous membrane of the upper lip, and in all but 
one of these exceptions they were small. Some of the sub- 
jects with lips involved could be defected, before the mouths 
were opened, by virtue of a fine white line, due to epithelial 
alterations, visible from the angles of the mouth along the 
labial margins. 

The incidence of lesions of the palate was about Sy, a 
common site being well back on the hard palate, but occasion- 
ally there was a large area of redness near the alveolar margin. 
Their form was similar to those on the lips but their outline 
was always serpiginous and plaques were never seen ; the 
edges were overhung by a rim of sodden, white epithelium. 

Hospital investigation : A group of cases was then admitted 
to a British general hospital for more detailed study ; their 
ages varied from 21 to 48 years. Routine and special ex- 
aminations revealed the following findings : 

None showed wasting, their skin was glossy and healthy and no 
pellagrous changes were seen ; four had slight seborrhceic over- 
growth in the nasolabial folds, but this sulphur-granule appear- 
ance also occurred in mild degree in 20 % of 300 controls ; nails 
were well formed and strong, without koilonychia or Assuring; 
erythrocyte and leucocyte counts (20 cases) gave no data of signifi- 
cance; stools contained no excess of fatty acids or undigested 
food ; sigmoidoscopy (10 cases) showed no abnormalities in bowel 
mucosa, and anal canals and perianal regions were normal; 
fractional test-meals (21 cases) indicated that free HCl was normal 
in 12 and high in 6, while 3 had achlorhydria ; blood-urea (10 
cases) varied from 18-42 mg. per 100 cm.® ; ten men, chosen at 
random, gave negative Kahn tests ; eighteen out of 20 men had 
healthy gums ; there was some sponginess in 2 and dental caries 
in only 1 ; seventy-five cases were examined for vascularising 
keratitis and all showed increased vascularity in mild degree, but 
all were suffering from trachoma (common in N. Africa) ; stvabs 
from mouths of 30 cases showed moderate numbers of Vincent’s 
organisms in 8 and monilia in 1 ; there was nothing to suggest that 
infection was a cause of the condition and local treatment mth 
copper sulphate (5 %) “ protargol ” (5 %), and flavine (2 %) 
produced no improvement. 


Relation to diet : Attention was then directed to the diet 
of the affected subjects, and it was noticed that the lesions 
began to appear about two months after dietary alterations 
had reduced the intake of certain food essentials ; a table 
is given showing the approximate daily intake of constituents 
before and after the changes. It was found that the condition 
responded rapidly on adding milk, meat or eggs to the diet. 
Other remedies tried were : 


Calcium lactate, given in 30-grain [about 1*8 g.] doses 
daily to 10 men for 10 days — no improvement; 


Red palm oil, containing 3,800 international uiuts vitamin A 
per ounce [about 28 g.], given in 1/10 ounce doses daily to 
200 men for ten days — no improvement ; 

Oleum vitamini (B.P.), a dose containing 2,250 inter- 
national units vitamin A and 250 international imits vitamin 
D daily for ten days — ^no improvement ; 


Yeast, fresh or dried, given in doses of i ounce daily- 
rapid cure, causing the soreness to diminish or vanish wimm 
4 days and most of the mouth changes to disappear in 7-10 


days. 

Thus the aetiological factor of the stomatitis was evident y 
related to deficiency of some constituent of milk, meat, eg^ 
and yeast. Further trials showed that, while nicotinic aci 
was of no benefit in daily doses of 600 mg. for five days t 
cases treated), administration of riboflavin (10 mg. twice 
daily) effected striking improvement in 6 patients compareo 
with 14 untreated controls. Finally, when the ramp pop 
lation was given a diet calculated to increase the n o a 
content to about 1-73 mg. riboflavin daily, the stomafiW 
ceased. [A.B. As the work was done m a desert hospim , 
no works of reference were available and the , 

unable to discuss their findings in relation to those o pr 
investinators in this field.] 
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VITAMINS AND PHYSIOLOGICAL FUNCTION 
by G. N. Jenkins & J. Yudkin, British Medical Journal, 2, 
265-266, 28/8/43 

Harper, Mackay, Raper & Camm (1943) at Manchester 
demonstrated improvement in certain phi-siological functions 
in cadets who had been given a short period of supplementary 
feeding wth vitamins. The present authors, of St. Bartholo- 
mew's Hospital Medical College and the Dunn Nutritional 
Laboratory, Cambridge, repeated these experiments on a 
group of Cambridge elementary-school children who had 
been receising vitamin pellets for a year. Altogether 178 
children were examined, comprising 80 12-ycar-old girls, 76 
12-year-old boys and 22 ll-year-old boys. About half in 
each group — alternate children from the school register — had 
received vitamin pellets daily at school, and the remainder 
received control pallets. The vitamin pellets contained 
5,000 international units vitamin A, 1 mg. vitamin Bj, 25 mg. 
vitamin C and 500 international units vitamin D. The 
children were living and eating in their own homes except for 
some who had dinner at school. Allowing for week-ends 
and holidays, the average supplement over the year was 
roughly half the reputed daily requirements of these nutrients ; 
apart from the vitamin Bj, which Harper et al. did not ad- 
minister, the children were obtaining less of the supplemented 
vitamins than the subjects at Manchester. The functions 
tested were the same as those used by the Manchester 
workers, namely, average resting pulse-rate, average vital 
capacity, average vital capacity compared with body surface, 
average breath-holdmg time and average endurance test (the 
latter being represented by the time" in seconds during which 
the subject could maintain, after full inspiration, a column 
of Hg at a level of 40 mm.). The children had also been 
measured for gain in height and weight, strength of grip, 
haemoglobin, intelligence, educational attainment and dark- 
adaptation (Yudkin, 1943). There had been no improvement 
in these testsof the supplemented group over thecontrol group. 

The application to these children of the tests used by 
Harper et al. showed that there was no significant difference 
between the two groups. Half of the 12-year-old boys 
were also examined by the same tests three days after the 
completion of a vitamin-C saturation test, during which they 
reived an average of 350 mg. daily of vitamin C. No 
difference could be detected between the saturated and the 
non-saturated group. 

The authors emphasize that the absence of effect of the 
supplements in their subjects need not be interpreted as 
contrary to the findings of Harper et al., but they indicate that 
the improvement of physical efficiency by vitamin supplements 
cannotbe regarded as being generally applicable to all groups. 
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LEVELS OF VITAMIN A AND C NUTRITION IN 
GLOSSOP SCHOOL-CHILDREN AND EFFECT OF 
DEnCIENCIES ON THEIR PHYSICAL CONDITION 
by G. Kohn, E. H. M. Milligan & J. F. Wilkinson, British 
Medical Journal, 2, 477-481, 16/10/43 

This prel^nary report from the Department of Clinical 
Inve^gaUon and Research, Manchester Royal Infirmary and 
the Public Health Department, Glossop, summarizes the 
^luts of an investigation covering 37 weeks between October 
1941 and July 1942 on 400 school-children in Glossop between 
K ^ ^ years. All the children lived at home 

out had certain meals at school. They were divided into 
wo ^oups. The “ vitamin group ” received 5 daily doses 
per week of 4,000 international units of vitamin A, 350 inter- 
naUonal units of “ vitamin B complex,” 1,000 international 
um s of yatamin C, 600 international imits of vitamin D, 
mg. of nboflaNTn and 20 mg. of nicotinamide. The “ con- 
group was given capsules containing no vitamins. 

V vitamin-C levels of the children, the 

1193^"^'^^^'^*'^^°° formulated by Harris & Abbasy 
) was used, and in some cases the ascorbic acid in whole 


blood was determined by the method of van Eekelen, Em- 
merie & Wolff (1937), which involves clearance with mercuric 
acetate and reduction of dehydroascorbic acid by HjS. 
Three months after the beginning of the investigation, by 
which time the “ vitamin group ” had each taken an average 
of 3,000 mg. of ascorbic acid, all the 400 children were given 
two test doses of ascorbic acid (1 1 mg. per kg. body weight). 
All the “ vitamin group,” but only 28 % of the “ control 
group,” were saturated. From April to June of the same 
year (1941) the vitamin-C intake in the diet was assessed 
as under 15 mg. per day in 40 % and between 15 and 30 mg. 
per day in 35 % of all children. The vitamin-C nutrition 
varied according to social standard but a relatively large 
amount of severe deficiency was found. Glossop children are 
said to compare very badly with school-children in other areas. 

The incidence and degree of vitamin-A deficiency in the 
children was assessed by the methods described by Yudkin 
(1941); a threshold lability of 0-5 log unit or over was 
accepted as definite evidence of deficiency of vitamin A. On 
this basis, 1 6 % of the children were deficient, 7 % probably 
deficient and 15% possibly deficient. The daily dietary 
intake of vitamin A was assessed as over 50 international 
units per kg. body weight in nearly half the children ; 
20-30 international units per kg. in another 20 % ; and less 
than 20 international units per kg. Ln 7 %. It was tentatively 
suggested that a dietary intake of over 30 international units 
per kg. can be described as the minimal daily requirement 
for children aged 9-14 years. 

In the third part of the investigation as reported, five small 
groups of from 20-50 boys were selected for certain special 
tests, carried out over a period of 36-7 weeks, the results of 
which were analysed statistically. The diets of all these boys 
were carefully investigated and it was believed that the groups 
differed only in regard to their vitamin intakes ; certainly 
there were no sigm'ficant differences between the groups in 
age. Although there were no significant differences in 
percentage gains in height, a group of 20 vitamin-A deficient 
boys gained significantly less in weight than a group of 36 
boys from the “vitamin group.” In an endurance test 
involving the length of time that the subjects could hold 
themselves suspended from a horizontal bar, the performance 
of groups of boys deficient in vitamin A and in vitamins A 
and C significantly deteriorated during 36-7 weeks, and there 
was a significant difference between these groups and boys 
from the “ vitamin group.” No significant differences 
between groups were detected in strength (arm dynamometer) 
or in endurance, and satmation of C-deficient boys with 
ascorbic acid produced no improvement in their physical 
efficiency as determined in this way. It was concluded 
therefore that the short-term effects of ascorbic acid appear 
to be different from its long-term effects. Examination of 
groups of boys showed no significant difference in the inci- 
dence of gingivitis between C-deficient and " vitamin group,” 
but the incidence of infection was significantly lower in a 
“ vitamin group ” than in both A-deficient and C-deficient 
boys. It was also considered at the end of the investigation 
that children of the “ vitamin group ” had “ clearer, smoother 
and sleeker ” skins than were found in other groups. 

No significant differences between groups were found in 
respect of plasma phosphatase values (method of King, 
Haslewood & Delory, 1937) or serum complement titres 
(method of Ecker, Pillemer, Wertheimer & Gradis, 1938). 
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THE EFFECT OF SUPPLEMENTS OF MT.AMINS .ANT) 
MBSHERALS ON THE HE.ALTH OF GIRLS 
by H. Fowke, British Medical Journal, 2, 519, 23110145 
The investigation of which this paper forms a preliminao 
report was made bet,veen February 1941 and April 19-f2 
imder the direction of the Ministries of Food and Health. 
214 girls between the ages of 8 and 12 sears distributed 
between five institutions in the North of England were 
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divided into two approximately equal groups, one of which 
was given a daily ration of 1 ounce [about 28 g.] of “ fortified 
chocolate ” containing 2,000 international units of vitamin A, 
250 international units of vitamin B^, 100 international units 
of vitamin D, 35 mg. of vitamin C, 250 mg. of calcium and 
10 mg. of iron. The control group of girls received similar 
chocolate to which nothing had been added. The dietary 
conditions in the dilferent institutions varied and there was 
a general improvement in all diets, as assessed from tables, 
during the experimental period. Calculation of the calorie 
values and contents of animal protein, calcium, iron and 
vitamins A, and C, before the experiment began and again 
seven months later, showed that in two of the institutions 
the diets were deficient in all nutrients, marginal in two others, 
and probably adequate in the fifth. At the beginning of the 
investigation, after six months, and at the end of a year, 
a complete medical examination was made of each child. 
Data on the following points were obtained ; height, weight, 
sitting height, chest-circumference, the time the breath could 
be held, the lifting-power measured by a spring dynamometer, 
the lime each child could hang from a horizontal bar. No 
statistically significant differences were found between the 
two groups in respect of any of these functions. This may 
have been due to a steady improvement in the basic diet 
during the investigation or to the fact that the tests used were 
insufficiently sensitive to detect minor degrees of malnutrition. 

The investigation established that chocolate is a most 
satisfactory medium for the incorporation of vitamins and 
minerals. It is a food in itself, with a popular appeal and 
a pleasant taste strong enough to conceal that of the supple- 
ments. Tests of the keeping qualities of vitamins A, B^ and 
C in specimens of chocolate stored at room-temperature 
for four months showed remarkable stability. 
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THE INFLUENCE OF SUPPLEMENTS OF VITAMINS 
A, Bi, Ba, C, AND D ON GROWTH, HEALTH, AND 
PHYSICAL FITNESS 

by E. R. Bransby, J. W. Hunter, H. E. Magee, E. H. M. 
Milligan & T. S. Rodgers, British Medical Journal, 1, 
77-78, 15/1/44 

This paper contains a summary of the results of an investiga- 
tion carried out in 1941-42 on approximately 1,400 school- 
children and adults in order to determine whether growth, 
health and physical fitness could be improved by the addition 
to the diet of supplements of synthetic vitamins. The vitamin 
capsules employed were a gift to the Ministry of Health from 
a group of physicians in the United States and had the fol- 
lowing composition: Vitamin A 4,000 international units, 
thiamin 333 international units, riboflavin 2 mg., ascorbic 
acid 1,000 international units, nicotinamide 20 mg., and 
vitamin D 600 international units. The vitamin content of 
the capsules was checked by the Medical Research Council 
four times during the tests. 

Three of the five tests Carried out were performed on 1,242 
elementary school-children in Ipswich, Glossop and London, 
between November-December 1941 and July-August 1942. 
The children were examined before, during and after the 
administration of vitamin supplements and were divided at 
random into two equal groups, one of which received a 
capsule every school day and the other a control capsule of 
arachis oil. It was foimd that the administration of the 
capsules had no significant effect on rate of growth, nutritional 
status, muscular strength, condition of teeth and gums, or 
absence from school on account of illness. 

The remaining tests were done on 214 adult rnale factory 
workers and were carried out over the same period and on 
the same general lines. The vitamin capsules were observed 
to have no significant effects on weight, hemoglobin, blood- 
pressure, absence through illness, or output of work. 


5ROWTH AT HOME AND AT SCHOOL 

jy E. M. Widdowson & R. A. McCance, Lancet, 2, 152—153, 

19/7/44 

[t has previously been reported by Allan (1937, 1939) that 
3 oys at “ public schoo ls ” * in England gain weight more 

ure residential.] 


rapidly during the holidays than they do during the term 
This paper from the Department of Medicine at Cambridce 
contains an analysis of the gains in weight and height of 
groups of boys in their thirteenth, fourteenth and fifteenth 
years in three well-known public schools. The boys were 
weighed and measured at the beginning and end of each 
term between 1938 and 1943, and the monthly increments of 
weight and height were calculated for each boy for three 
terms and three holiday periods. The mean results for all 
the boys were then compared. 

In two schools out of three, the average monthly gains both 
in height and weight of 930 boys were invariably greater 
during the holidays than they were during the terms. During 
the 17 weeks of holidays these boys gained about twice as 
much wei^t as they did during the 35 weeks of term, but the 
increases in height were not so striking. At the third school 
(240 boys), the boys grew more regularly throughout the 
year and the most rapid gains tended to take place at school. 

The authors point out that this irregular growth can hardly 
be attributed to a normal physiological mechanism. It may 
be that the greater mental and physical strain at school 
accounts for the diminished growth-rate : there was no reason 
to suppose, however, that conditions in the third school were 
any different from those in the-other two, and the boys came 
from the same type of home. The authors feel that “ it is 
difficult to get away from the view that the differences in 
growth-rate must ultimately be nutritional in origin.” They 
conclude that “ until we know more about the causes and 
consequences of these irregularities of growth, results such 
as thdse emphasize how necessary it is for boys to have good 
holidays, at home, free so' far as possible from work, camps 
and all other kinds of forced labour.” 
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THE NUTRITIONAL STATUS OF CAMBRIDGE 
SCHOOL-CHILDREN 

by J. Yudkin, British MedicalJournal, 2, 201-205, 1218144 

This paper by Dr. John Yudkin, who formerly worked at the 
Dunn Nutritional Laboratory, Cambridge, contains the re- 
sults of a survey of over 1,100 Cambridge children between 
the ages of 4 and 11 attending elementary schools. This 
represents nearly 20 % of this age-group in the area. The 
nutritional status of the children was assessed in January 
and February 1942 and again in the same months in 1943. 
The results were found to compare favourably with those 
reported from other parts of the country. Compared Mth 
children in a better-class area, chUdren from poor quarters 
of the area were on the average 0-8 in. [about 2 cm.] shorter, 
2-6 pounds [about 1-3 kg.] lighter, had 2% less hemo- 
globin, a grip about 1-25 kg. weaker and showed more 
changes in conjunctival epithelium when examined with the 
slit-lamp microscope (Kodicek & Yudkin, 1942). At the 
second examination, a year later, the heights and weights 
were slightly greater than for children of the same age ex- 
amined the year before. It may be said, therefore, that there 
had been no deterioration in their diets between the third 
and fourth years of the war. 

Further studies were later made on about 200 of the oldest 
children to determine whether ” physiological performance 
can be improved by the giving of vitamin supplements (for 
the results of this investigation see Jenkins & Yudkin, 1943). 
After the first examination, half the children at each 
were given, each day, a pellet containing vitamin A 5,000 
international imits, vitamin Bi 1 mg., vitamin C 25 mg-, 
and vitamin D 500 international units, and the other half 
received dummy pellets. Allowing for holidays and absence 
from school, the pellets supplied approximately half the daily 
requirements of vitamins A, Bi, C and D. After a year no 
effect was found in the gains in hei^t and weight, hiemo- 
globin, strength of grip, dark-adaptation, resting puise rate, 
vital capacity, breath-holding time or endurance as mea- 
sured by the R.A.F. mercury test. There was, however, an 
improvement in vitamin-C saturation, a decrease m t e 
incidence and duration of colds, and an improvement in sc oo 
behaviour as assessed by the teachers. The author 
out that “ the absence of effect on growth, hsmoglobm. 
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etc., cannot be taken to imply that these ’arc not limited 
by nutritional factors." 

Reterences 

^ Jenkins, G. N. & Yudkin, J. (1943) Brit. mcd. J. 2, 265 
s Kodicek, J. H. & Yudkin, J. (1942) Lancet, 2, 753 
1 [jfe BMB 534] = [see BMB 33] 


540 

THE NUTRITIOiNAL STATUS OF CHILDREN AND 
MOTHERS OF INDUSTRIAL TO^WS 
by J. Yudkin, Medical Officer, 72, 93-94 & 101-102, 
16/9/44 & 23/9/44 

The author has previously reported (Yudkin, 1944) a nutri- 
tional investigation in Cambridge school-children. In the 
present paper he describes a rriore limited investigation on 
working-class mothers and children of 66 famih'cs from 
Aberdeen, Dundee, and Glasgow. 

On the average, these children from Industrial towns were 
nearly li inches [about 3-5 cm.] shorter, weighed 4 pounds 
[about 1-8 kg.] less, had a ha:moglobin level 4% lower, 
and a strength of hand-grip 1^^ kg. less than the Cambridge 
school-children. There was a correlation between the 
financial state of the family and the nutritional state (as 
judged by the tests described) of its members. 

Although the best use was not always made of the income 
available for food, the author states that there w-as not in 
most cases sufficient money for an adequate diet. The data 
from this survey are summarized in 9 tables and 3 graphs. 
Reperence 
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nutrition and scholastic ATTAINMENT 
by I. F. MacKenzie, British Medical Journal, 2, 205-207, 
12/8/44 


With the ultimate object of promoting education, the Educa- 
tion (Provision of Meals) Act was passed in 1906, granting 
local authorities powers to provide meals for children attend- 
ing public elementary schools. Even to-day, however, 
defective nutrition is common, and the question arises whether 
malnutrition interferes with the educational progress of the 
child. Such evidence as at present exists suggests that there 
is a correlation between physical condition and mental 
development (Sandwick, 1920; Baldwin, 1922; Pearson, 
1923 ; Habakkuk, 1926 ; Mann, 1926 ; Leighton & Qark, 
1929; Dawson, 1931). 

The author of this paper, who is Deputy County Medical 
Officer for Herefordshire, has examined the nutritional status 
of 712 children between the ages of 8 and 14 attending a, 
group^ of public elementary schools. The assessment of 
nutrition was made on the findings of a clinical examination 
which followed that recommended by the League of Nations 
Health Organization (1938), and the classification used was 
that sponsored by the Board of Education (1934). The pupils 
were^chosen by the teachers to represent the “ bright ” and 
the “ slow ” in comparison \vith the class averages. Of the 
bright children, 28-2 % were graded Nutrition A and 5-6 % 
Nutrition C. Only 6-7 % of the slow children were grade A, 
while 22 T % were graded C. From a comparison of the 
results in 280 boys and 303 girls it was concluded that the 
mental activity of girls is even more closely related to their 
general physical state than is that of boys. 

The author holds the view that “ subnormal nutrition can 
constitute a serious handicap to the educational advancement 
ot a child ’’ and believes that a malnourished child may, as 

e result of proper feeding, “ attain to an ability to use his 
mentm powers equivalent to that enjoyed by his better- 
nourished school-mate.” 
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NUTRITION AND SIZE OF FAMILY 
by J. Yudkin, Lancet, 2, 384-387, 16/9/44 

The author reports the results of comparative tests of physical 
condition in school-children from large and small families 
of (a) a poor quarter and (b) a more prosperous area of 
Cambridge. The height, weight, hxmoglobin levels, and 
muscular strength (hand-grip) of children from larger 
families in the poor area were significantly lower than those 
of children from small families. The differences between 
children of large and small families in the more prosperous 
area were smaller (taking into consideration the smaller 
disparity in size of family in thi.s group). 

The author concludes (i) that family income in the poor 
area is not sufficient to secure physical development for 
more than a limited number of children; (ii) that family 
allowances are necessary to improve the nutritional status 
of children of large families. 


543 

ACCELERATION OF CO-ORDINATED MUSCULAR 
EFFORT BY NICOTINAMIDE ; Preliminary Report to 
the Medical Research Council 

by I. M. Frankau, British Medical Journal, 2, 601-603, 
13/11/43 

This communication summarizes the results of a series of 
experiments undertaken to show by means of a selected test 
the effect, if any, of certain vitamins on the physical efficiency 
and the fatigability of healthy young males. Preliminary 
experiments demonstrated that the usual agility-test was not 
adequate to produce any measuable degree of fatigue in the 
subjects, who were drawn from the personnel of the Royal 
Air Force. The test finally adopted consisted of running 
rapidly for about 300 yards, bending and turning quickly and 
dropping discs accurately on a closely fitting shaft. No undue 
stress was laid upon speed or accuracy, but the need to finish 
with maximal exertion was emphasized. 

Two control tests were recorded on one day at intervals of 
30 minutes, and two “ experimental ” tests with an interval 
of 15 minutes on another day. No significant change was 
detected after ingesting on three successive days vitamin 
tablets containing vitamin A, 8,000 international units ; vita- 
min D, 1,200 international units ; aneurin, 2 mg. ; riboflavin, 
4 mg. ; ascorbic acid, 100 mg. ; and nicotinamide, 40 mg. 

After 4 days’ dosage with vitamin tablets which provided 
aneurin 5 mg., riboflavin 5 mg., ascorbic acid 100 mg. and 
nicotinamide 50 mg. per day, tests carried out on the fifth 
day showed a significant improvement in this group over the 
control group, both as regards co-ordination and endurance. 
Further experiments omitting aneurin and both aneurin and 
ascorbic acid showed that neither of these two substances was 
required to produce this effect. 

Subsequently, experiments were carried out on the effect 
of mcotinamide alone. Control times were recorded on one 
day. On the following day each subject received 50 mg. of 
nicotinamide, and the test was repeated on one group after 
1^ to 2J hours and on a second group 5]^ to 64 hours later. 
Yet another group was given 200 mg. 14 to 3 hours before the 
test. A significant improvement was observed in all subjects 
after nicotinamide, and the results were more evident at short 
intervals after the dose. Administration of nicotinamide 
for 6 successive days followed by tests on the seventh 
demonstrated the same general trend. 
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nutritional DEFICIENCY IN THE PATHOGENESIS 

OF DISEASE _ 

by J. Yudkin, British Medical Journal, 1, 5-7, l/l/-t4 
Dr Yudkin, formerly Sir Halley Stev^art Research Fellow at 
the Dunn Nutritional Laboratory, Cambndge. pomts out in 
this paper that certain criteria are necessary for assessing tne 
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part played by nutritional deficiency in producing obscure 
signs and symptoms or syndromes of uncertain aetiology. 
These criteria are analogous to Koch’s postulates and fall 
into three groups. 

Criterion I. It should be possible to demonstrate the 
existence of a deficiency of the nutrient. Evidence of such 
deficiency may be found at any point between the nutrient 
in the diet and its utilization in the tissues. A careful dietary 
history is therefore essential. Under this head are included 
such factors as income level,' season, habitat, special dietary 
regimes, conditions of employment, standard of preparation 
and cooking of the food, etc. Evidence of defective absorp- 
tion must next be considered and thirdly the possibility of 
increased utilization, such as occurs, for example, in preg- 
nancy or as the result of fever or heavy manual work. Specific 
signs of deficiency disease may be obtained from clinical 
examination, and as the result of functional tests and/or 
laboratory investigations of blood and urine. Unfortunately, 
however, these methods have often been used uncritically ; 
though superficially simple they require rigid control and 
careful interpretation. 

Criterion 2. Deficiency of the nutrient should result in the 
production of the disease. This test may be applied in experi- 
mental animals, in which case the results must be evaluated 
with due care, or in human beings. Conflicting results are 
often obtained in human tests by different workers, possibly 
as the result of an inadequate number of subjects, individual 
variations in behaviour and requirement, and differences in 
the composition of the diet. 

Criterion 3. The disease should be cured by replacement 
of the deficient nutrient. In assessing the value of a thera- 
peutic test, however, it is important to allow for the possi- 
bilities (a) of spontaneous remission and conversely {b) that 
the pathological process may have progressed to an irremedi- 
able stage. The existence of multiple deficiencies is a less 
well recognized reason for failing to obtain improvement. 
Lastly, when a positive effect is finally obtained by the use 
of a vitamin supplement it is not always legitimate to 
assume that the existence of a deficiency has thereby been 
proved. 
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EFFECTS ON RATS OF PROLONGED FEEDING WITH 
THE STAPLE AFRICAN DIET 

-by J. Gillman, British Medical Journal, 1., 149-150, 29/1/44 

^t is known that pulmonary tuberculosis and other diseases 
of the respiratory tract are prevalent among South African 
negroes, in whom cirrhosis of the liver, and especially primary 
cancer of the liver, are encountered with unusual frequency. 
Malnutrition is widespread among the Africans, whose staple 
diet consists largely of maize meal and sour milk. This 
paper from the Department of Anatomy of the University 
of Witwatersrand, Johannesburg, represents the collaborative 
efforts of many workers in the Department who have, investi- 
gated the effect of such a diet on normal rats. Full post- 
mortem examinations were made of 12 rats who had received 
liberal amounts of the diet for 14 months. 

In all the animals, pronounced disease of the liver was 
evident macroscopically. This varied from diffuse enlarge- 
ment of the whole liver with obvious fatty change to a wide- 
spread nodular cirrhosis often involving especially the left 
lobe. The hearts were grossly enlarged, fat deposition in 
the mesentery, retroperitoneal and subcutaneous areas was 
unusually abundant, and in 9 animals one or both lungs 
showed inflammatory lesions with bronchiectasis or abscess 
formation. Pathological changes were also found in the 
skull, teeth, pituitary, thyroid, suprarenals and alimentary 
tract. These striking abnormalities were present without 
any recognizable manifestation of acute vitamin-deficiency 
disease. No lesions of the liver of the kind described were 
ever observed in many thousands of rats examined post 
mortem over a number of years. 


The author rightly points out that “ the production of liver 
damage by means of a diet which forms the staple of the 
overwhelming number of Africans in South Africa is not 
without its sociological implications.” Further work is in 
progress to determine the factors responsible for these re- 
markable changes. 
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SOME PROBLEMS OF COMMUNAL FEEDING 
by C. P, Stewart, Edinburgh Medical Journal, 51, 215-228 
May 1944 

This is the text of a Honyman Gillespie lecture given in the 
Royal Infirmary, Edinburgh. The author points out “ that 
the part played by communal feeding in the nutrition of our 
people is a very considerable one, and that a large fraction of 
the population depends upon it for the whole or part of its 
food.” Community feeding provides an excellent field for 
research but the problems differ somewhat between the 
“ closed ” community (hospital, boarding-school, hostel, etc.) 
and the canteen and workers’ restaurant. In both, however, 
there is the same need for a nutritional standard high enough 
to be of educational value, for variety, palatability and 
attractiveness in the food, for cooking and serving methods 
which will preserve the labile vitamins, and for economy 
without sacrifice of true value. 

The author describes the results of a survey made in a 
boarding-school for boys aged 9 to 12 years, comparing his 
results with standards taken from the Report of the Hot 
Springs Conference and showing how closely practice may 
approximate to precept even with the food restrictions of 
war-time. A good diet, however, must satisfy other criteria 
than those of chemical analysis, and the boys’ diet is further 
considered as to its variety, palatability and attractiveness. 
Cooking and serving cannot be assessed quantitatively, but 
objective evidence can be obtained on these points by de- 
terminations of the ascorbic acid content of the food as eaten. 
Figures are quoted for potato and cabbage for the school 
and British Restaurants (public restaurants instituted by the 
Ministry of Food) which reveal the better cooking and 
serving in the former and the great variation in the latter. 

Dr. Stewart then discusses hospital diets, and shows that 
in many respects these must often be regarded as unsatis- 
factory. He found that patients in hospital were obtaining 
from 300 to as much as 1200 calories per day from food 
brought in by their friends. 

Finally, the standards to be adopted for the “ midday ” 
(or “ midnight ”) meal in the factory canteen are discussed 
and it is shown how these may require to be adjusted accord- 
ing to habit, type of employment and local conditions. 
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THE MIDDAY SCHOOL MEAL : A STUDY OF ITS 
RELATION TO THE TOTAL WEEKLY DIETARY OF 
A GROUP OF SCHOOLBOYS 

by R. P. Cook, W. A. Davidson, D. M. Keay & D. G. Mc- 
Intosh, British Medical Journal, 2, 443, 30/9/44 
This is a brief report of an investigation intended to show 
what proportion of the total intake of important nutrients 
was provided by the midday school meal of a group of 39 
boys of 14-15 years who agreed to co-operate. Each boy 
recorded on a tabular sheet, which was provided, his food- 
intake at each meal for one week. Foodstuffs were divided 
into 20 categories, and their content of the nutrients con- 
sidered was calculated from tables. 

The mean percentage of the -intake of calories obtained 
from the school- meal was 35 • 68. The corresponding figures 
for important nutrients were ; total protein, 35-92 ; “first- 
class protein,” 44-4 ; vitamin A, 67-8 ; vitamin Bj, 37T3 ; 
ascorbic acid, 57-8 ; calcium, 42-3; available iron, 37-17. 
The authors regard the school meal as providing a valuable 
contribution to the dietary which would probably have been 
inferior if all meals had been taken at home. 
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SULPHONA^^DES IN THE TREATMENT OF 
MENINGOCOCCAL MENINGITIS 

Report to the Scientific Adrisorj- Comnuttcc, Department of Health 
for Scotland. Edinburgh, H.M. Stationer}’ Office, 1944. 20 pages. 
4d. [£0.016] 

During the early part of 1940, an e.xceptionalIy large epidemic 
of meningcKOCcal meningitis, while giWng rise to some anxiety, 
also gas-e an opportunity of a detailed assessment of the value of 
drugs of the sulphonamidc group in the treatment of this infection. 
This report eraluates the relatis’e efficiency of the various sulphon- 
amides used. Certain hospitals wxre selected for the enquiry, 
and the report includes an ana^sis of all cases accepted by these 
hospitals between 1936 and 1941. As sulphonamides were little 
used before 1938, a comparison is possible with the results of treat- 
ment in pre-sulphonamide days. The records of 2,223 cases of 
meningococcal menin^tis are anal}’sed and it is shown that the use of 
sulphonamide drugs has caused a marked reduction in the fatality- 
rate (16-7 % as compared with 52 % in those reccising serum alone). 
Mortality was found to be closely associated with age, maximal 
rates occurring under 2 years and over 35 years. The method of 
treatment was as follows: no scrum or drug, 12 cases ; serum or 
antitoxin, 199; sulphanilamide, 128; sulphapyridine, 1,468; 
sulphathiazole, 75; miscellaneous sulphonamides, 91 ; serum or 
antitom and sulphonamides, 250. Comparison between sulph- 
anilanude, sulphapyridine and sulphathiazole does not suggest 
that any one possesses clear advantages over the others. Between 
70 % and 80 % of cases receiving sulphonamides were clinically 
cured within 4 weeks. The dosage given varied widely in individual 
cases and the analysis does not permit a dogmatic statement with 
regard to optimum dosage. The sulphonamides appear to be 
equally effective when ©ven during any'^part of the first week of 
flln^, although the prompt institution of treatment is important. 
Various complications were encountered ; the importance of 
pneumonia as a cause of death is emphasized. 
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MEDICAL DISEASES OF WAR 
by Sir Artirar Hurst 4th edition. London, Edward Arnold & Co., 
1944. Sll pages ; 48 illustrations. £1 Is. [£1.05] 

Thh book originated during the 1914-18 war as a review of 
experience gained on active service on both western and eastern 
fronts. At the ^ginning of the present war it was one of the best 
av^able authorities on those m^ical diseases which become pro- 
mnent, both among soldiers and civilians, in time of war. In 
1940 appeared the first edition of the book in its present form, a 
modem, extensively revised version of the ori^al work. This new 
Mok, which has reached its fourth edition in four years, reflects 
the wide reading and vast experience of the author. In its construo- 
tion he has had ffie co-operation of several authorities. Par- 
ticularly importMt is the section on the functional nervous diseases, 
m the present edition, the chapter on epidemic jaundice and infective 
hepatitis and the sections on sciatica and the treatment of bacillary 
dysentery have been rewritten. The section on the seborrhoeic 
state has been replaced by one on dermatophytosis. Major altera- 
tions have been made in the sertions on digestive disorders, malaria, 
tetanus, and the hysterical sequelre of concussion, and minor 
cotre^ons and additions are evident throughout the remainder of 
me work. The recent death of the author of this work is a great 
loss to Bntish medicine. 

Chapter headings: (i) predisposing causes of war neuroses; 
r 1 symptoms in soldiers ; (iii) hysterical paralysis ; 

vivj nysterical contractures ; (v) rheumatism, sciatica, and hysterical 
snd gaits; (vi) hysterical tremor; (vni) hysterical fits; 
tvm) disorders of speech ; (ix) functional disorders of hearing ; 
W timctional disorders of vision; (xi) hysterical stupor and 
cerebral and spinal concussion ; (xiii) exhaustion 
“ neurasthenia ; (xiv) hyperadrenalism and hyper- 
: (^) arraety neuroses of war (by T. A. Ross) ; (xvi) 
r m5°tders in soldiers ; (xvii) efibrt syndrome ; (xviii) 
K louse-bome typhus fever ^y Melville D. 
’ ■ .^ typhoid and paratyphoid fevers ; (xxi) dysentery ; 
Wn ®P*demic jaundice ; infective hepatitis ; (xxiii) malaria (by 
’ (xxiv) meningococcal fever (by A. W. Stott); 
u — ^ Harries) ; (xxvi) tetanus ; • (xxvii) 

! (xxriii) skin disease in war (by H. W. Barber) ; 
txxix) gas poisoning. 
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lectures ON DISEASES OF CHILDREN 

p" ®®Nrt Hutchison & Alan Moncrieff. 9th edition. London, 

TOd Arnold & Co., 1944. 478 pages ; 108 illnstrations. 

tl Is. rsi nci 


I Is. [£1.05] 

It is 40 

conskteH 1 DooK nrei appearea, naming onginauj 

^ 01 Jectures delivered by Sir Robert Hutchison in a sys- 


years since this book first appeared, haring originally 


tcmatic course at the London Hospital, of which he is Consulting 
Physician. This ninth edition is the responsibility of Dr. Alan 
Moncrieff, Physician to the Children’s Department of the Middlesex 
Hospital and to Out-patients, Hospital for Sick Children, London. 
The book, written in didaetic style, is essentially practical and 
clinical in its approach to the subject ; detailed reference to treat- 
ment is a prominent feature. In this new revision, the principal 
alterations are to be found in the sections dealing with infection 
in the newborn, the treatment of infantile ffiarxhoea, the cause and 
treatment of coch'ac disease, the treatment of threadworms, and the 
types of congenital heart disease, and sections on the Rh factor and 
on encephalitis have been added. This book is a standard British 
work on pardiatrics. 

Chapter headings : (i) the clinical examination of sick children ; 
(ii) infant feeding — breast-feeding ; (iii) infant feeding — artificial 
feeding ; (iv) some diseases of the newly-bom ; (v) the premature 
infant ; (vi) diet after the period of infancy ; (rii) the digestive 
disorders of infancy — colic and vomiting ; (riii) congenital pyloric 
stenosis ; (ix) infantile diarrhcca ; (x) cceliac disease ; (xi) cfnonic 
constipation in infancy and childhood ; (xii) wasting ; (xiii) con- 
genital syphilis ; (xiv) tuberculosis in childhood ; (xv) rickets ; 
(xvi) infantile scurvy and pink disease ; (xvii) the dyspepsias of 
childhood ; (xriii) rheumatism in childhood ; (xix) acute rheu- 
matic carditis ; (xx) some disorders of the heart in childhood ; 
(xxi-xxiv) the respiratoiy diseases of children ; (xxv) some 
behaviour problems in childhood ; (xxvi) some functional nervous 
diseases of childhood ; (xxvii) convulsions in childhood ; (xxriii) 
the paralyses of childhood ; (.xxix) meningitis and encephalitis ; 
(xxx) on mental deficiency in childhood ; (xxxi) the blood dis- 
orders of early life ; (xxxii) chronic splenomegaly in childhood ; 
(xxxiii) some common affections of the genito-urinary system in 
childhood ; (xxxiv) affections of the liver in childhood ; (xxxv) 
some common symptoms of disease in chtldren and their 
diagnostic significance; (xxxri) the diagnostic significance of 
abdominal pain in childhood ; (xxxvii) fever of obscure origin ; 
(xxxviii) some of the commoner skin diseases of infancy and child- 
hood ; (xxxix) disorders of growth and development. 
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AN INTRODUenON TO PHYSICAL METHODS 
OF TREATMENT IN PSYCHIATRY 

by W. Sargant & E. Slater. Edinburgh, E. & S. Liringstone, Ltd., 
1944. 171 pages. 8s. 6d. [£0.425] 

Increasing knowledge of the letiology of mental disease has 
resulted in a shifting of emphasis from psychogenetic to physical 
interpretations. Symptoms once thou^t to be of exclusively 
psychogenic origin have now been found to rest on an underlying 
physical deviation from the normal. The past decade has seen 
important advances in somatic methods of treatment in psychiatry 
(although they are still admittedly empirical), and this berok, 
whose joint authors are medical officers to the Maudsley Hospital, 
London, provides a valuable and timely introdurtion to the subject. 
It is not’a complete text-book, but trill give a balanced view of the 
scope of physical methods of treatment. The writers, who have 
had special opportunities of applying these methods in the tr^t- 
ment of drilian and military psychiatric casualties and therefore 
write with authority, consider that it contains suffident material 
to provide a basis for active treatment in the psychiatric ward of a 
general hospital or in the reception and treatment wards of a 
mental hospital. 

The chapter headings are : (i) the i n s u li n treatment of schizo- 
phrenia; (ii) modified insulin therapy ; (iii) ranvulsion therapy; 
(iv) the treatment of cerebral dysrhythmia (bromides, lun^al, 
epMutin, benzedrine); (v) chemical sedation ^d stimuJaUon; 
(ri) continuous sleep treatinent ; . (vii) some 
venous barbiturates ; (viii) diet, vitamins and endoenn^ . W 
frontal leucotomy ; (x) the malanal treatment of general paralysis , 
(xi) the relation of psychological to somatic treatment. 

An important literature has grown up around l^js 
the authors would still further increase the v^ue of this ^k by 
the addition, in subsequent editions, of a bibliography of the more 
pertinent references. 


housing MANUAL 1944 

red by the Mimstry of Health and the Ministry of Works, 
n, HAL Stationery Office, 1944. 103 pages ; 102 pbns and 
;raphs. 2s. [£0.1] 

; Manual has been compiled wit^= 

to local authorities, architects, builders, ..-nu.acLre. 
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and others, on the lay-out, planning and construction of permanent 
housK to be built under the Government’s short-term programme 
covering the first two years after the end of the war in Europe. 
Local authorities^ are exp^ted to prepare their own plans in the 
light of the technical guidance given by this publication. 

In July 1944 the Design of Dwellings Sub-Committee of the 
Central Housing Advisory Committee (appointed by the Ministry 
of Health) presented its report, and its recommendations have in 
general been adopted in the Housing Manual. There is detailed 
discussion of (i) housing and site planning ; (ii) the house and its 
surroundings ; (iii) the three-bedroom house ; (iv) some special 
occupante — rural workers, old people, single persons, etc. ; (v) 
flats; (vi) efficiency in building ; (vii) new materials and methods ; 
(viii) the heat installation ; (ix) services and equipment ; there are 
in addition appendixes on space standards and structural standards. 
The arrangements for cooking meals usually determine the " way 
of living ” in the working-class house and the plans provided have 
b^n evolved from this way of living. These arrangements for 
cooking will also indicate the fuel or fuels to be used and, to a large 
extent, the nature and arrangement of the fuel-burning installations 
and appliances. 

One of the major improvements in the lay-out of sites during the 
past 25 years has been the use of more open forms of development 
as compared with the close development -nssociated with wortog- 
class districts and industrial centres during the nineteenth century. 
While the plans proposed take into account the value of light and 
air thus obtained, the establishment of self-contained units or units 
properly linked to existing communities is envisaged, in order that 
the tendency to unregulated spreading of sites shall be counter- 
acted. It is urged that provision be made for schools, shopping 
centres, open spaces, etc., at the putset. 

Advice on fuels and appliances has been contributed by the 
Ministry of Fuel and Power, and the Ministry of Town and Country 
Planning has advised on site planning and lay-out. The Manual 
includes many diagrams illustrating different types of plans and 
drawings of fittings and equipment. A number of excellent 
photographs of houses already built by local authorities illustrate 
various arrangements in style. 

The Manual is itself an excellent production, set in clear type with 
carefully drawn plans and excellent half-tone illustrations. A good 
index is provided. 


S48/B8 

A TEXT-BOOK OF PSYCHIATRY 
For Students and Practitioners 

by D. K. Henderson & R. D. Gillespie. Sixth edition. London 
Humphrey Milford, Oxford University Press, 1944. 719 naaes* 
£1 5S. [£1.25] ■ 

This book is dedicated to Adolf Meyer, and in general it reflects 
the biological interpretation of mental disease associated with 
Meyer and the North American school, while ®ving due attention 
to the work of the continental psychiatrists. Dr. Henderson is 
Professor of Psychiatry in the University of Edinburgh and Dr 
Gillespie is Physician for Psychological Medicine at Guy’s Hospital" 
This is hn excellent publication and is deservedly recognized as the 
standard British text-bpok on psychiatry. Its scope is shown by 
its chapter headings : (i) historical review of the care and treatment 
of mental illness ; (ii) classification ; (iii) ffitiology ; (iv) method 
of examination; (v) symptomatology; (vi) general psycho- 
pathology ; (vii) psychoneurotic reaction-types ; 5iii-ix) affective 
reaction-tjpes ; (x) schizophrenic reaction-types; (xi) paranoia, 
paraphrenia and paranoid reaction-types; (xii) psychopathic 
'states; (xiii) special methods of physical treatment; (xiv) the 
or^nic reaction-types; (xv) epilepsy; (xvi) mental defect; 
(xvii) psychoses and psychoneuroses in war ; (xviii) the psychiatry 
of childhood ; (xix) occupational therapy ; (xx) relations of 
psychiatry and law. 

In the new edition the authors have taken account of the increas- 
ing incidence of the psychoneurotic forms of reaction ; a special 
chapter on physical methods of treatment records the great ad- 
vances made in these methods during the past few years, and care- 
fully examines the results obtained by their use ; the discussion on 
epilepsy has been amplified ; in the light of their experience the 
authors have now modified Kraepelin’s classification of the schizo- 
phrenic states, the paranoid states being removed from the group ; 
the social aspects of psychiatry, to which increasing importance is 
likely to accrue in the future, receive additional commentary in 
appropriate places throughout the text. There is a wealth of 
illustrative case-histories, a short bibliography, and numerous 
references to the literature appear throughout the book. It would 
perhaps be an advantage to gather these references together, and to 
incorporate them into a comprehensive biblio^phy of the subject, 
to form an important additional section to thus invaluable book. 
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Annals of the Rheumatic Diseases 
4 : September 1944 

The nodules and lymph-gland enlargement in rheuniafoid_ arthritis : also a 
syndrome of rheumatoid arthritis combined with multiple xanthomatous 
connective tissue infiltrations. (F. P. Weber) 3-10 

Observations on the natural history of acute rheumatic fever. (W. S. C, Cope- 
man) 11-21 

Aspects of “ fibrositis.” (F. A. Elliott) 22-25 

A case of tuberculous rheumatism (Grocco-Poncet type). (E. Montusdu) 
26-28 


Biochemical Journal 
38 : 1944 
Partial Index 

The riboflavin content of food served in Royal Air Force messes. (T. F. 

Macrae, E. C. Barton-Wright & A. M. Copping) 132-13S . m 

The fluorimetric estimation of 3 : 4-ben2pyrene m whole mice. (H. Weil- 
Malherbe) 135-141 . . , , u .c .u j r 

A note on the fluorimetric estimation of 3 : 4-ben2pyrene by the method ol 
Mller and Baumann. (H. Weil-Malherbe) 141 __ _ _ ^ _ 

Chemistry of tissues, i. Chondroitin from cartilage. (H. G. Bray, J. E. 

Gregory & M. Stacey) 142-146 . . r -v o • j 

Quenching effect of electrolytes on the fluorescence intensity of nboHavm and 
thiochrome. (P. Ellinger & M. Holden) 147-150 . . , m . 

A method for the estimation of nicotinamide methochlonde in urme. fK. A. 

Coulson, P. Ellinger & M. Holden) 150-154 .. u 

Enzyme formation and polysacch^de synthesis by bacteria. 2. Pmysacchmde 
formation by JVtisobwm radicicolum strains. (H. G. Bray, E. Schluchterer 

Tl« ^Q^’**notation for expressing metabolic activities in tissue slices. A 
critical study, (S. J, Boch) I 56 “I 59 . , 

Combination of potato virus X and tobacco mosaic virus with pepsin and trypsin. 

The ’^ur^of^^CTomomu^ fermentation. (R. Y. Stanier & G. A. Adams) 

Diplococdn, an anti-ba«erial protein elaborated by certain milk streptocoed. 

Bio^raiSfclw^nerimtion of the actions of 

reartion of hffimolytic streptococa, mvplving pantothenate-usage, inhioi^ 
by pantoyltaurine, and associated with carbohydrate metaboUsm. (H. 

A^ulSive^iA&^methSi'for'^e separation of inorganic arsenite irom 

suppUed 4 h glu^sV fructose and sucrose. G. S. D. Bacon, E. Baldwm 
& D. J. Bell) 198-201 


British Heart Journal 
6 : July, 1944 

Myocardial infarction, (T. E- LS^'JLS'i- 

■ (w/e. Hume I P. Szekely) 

W. Brown &F^H^on) 

■ (D. Lewes) j6i-i66 


British Journal of Dermatology and Syphilis 
56 : July-August 1944 

The reticular tissue and the skin. (A. H. T. Robb-Smith) 151-176 
Contact dermatitis in a morphine factory. With an account of the occurrence 
of “ morphia rash ” in the manufacture of morphine salts from opium. (S. E. 
Dore, E. W. P. Thomas & G. C. Green) 177-186 


British Journal of Experimental Pathology 
25 : June 1944 

Experimental streptococcal lesions of the rabbit’s eye and their treatment. 
<J. M. Robson & A. A. B. Scott) 81-90 

Tumours of the thyroid produced by 2-acetyl-amino-fluorene and allyl-thiourea. 
(F. Bielschowsky) 9(^5 

The difference in carcinogenicity between shale oil and shale. (I. Berenblum 
& R. Schoental) 95-96 . m €. 

The production of penicillinase by organisms of the subtilis group. (E. S. 

Duthie) 96-100 o • u »■ 

The nature and mode of action of staphylococcus coagmase. Cw. Smith & 
J. H. Hale) loi-iio 


British Journal of Industrial Medicine 
1 : July 1944 

Industrial health research : the work of the Industrial Health Research Board, 
1918-44. (R. S. F. Schilling) 145-152 
Health hazards of coal-mining. (S. W. Fisher) 153-158 . , . 

Effect of aluminium and alumina on the lung in grinders of duralumm aeroplane 
propellers. (D. Hunter. R. Milton, K. M. A. Perry & D. R. Thompson) 

RdaSve slerility of the hands of certain metal workers. (I. Lominski & G. R. 

Thomson) 165-167 , ,0 ^ 

Physical nature of radiations used in industry. (G. D. Rochester) 168-109 
Medical aspects of radiations used in industry. (E. Browning) 170-175 
Working capacity after thyroidectomy. (W. L. Scott & J. W. Parks) 176-178 
Subcutaneous emphysema due to compressed air. (G. P. B. Whitwell) 179 
Brightness, well-being and work. (H. C. Weston) 180-196 


British Journal of Ophthalmology 
28 : September 1944 

contribution to the study of anophthalmia with description of a case. {T. 

8tu^*of ei^htj^our cases of delayed mustard gas keratitis fitted with contact 

*not”'on^ther^^ttM, mtoe and nomenclature of " glioma retinx.” (E. 

ims'^^fltolmia neonatorum. (A. Sorsby, E. E. Hoffa & E. N. Young) 

icomplete avulsion of the eye : report of a me. G- C. AUchaelson) 458-460 
gas mask wafer for presbyopia. (W. O. G. Taylor) 461-466 


28 : October 1944 


satisfactory result. 


case of polytythsemia vera — extraction of both lenses . 

J. C. Marshall) 481-486 ,oa 

rSLXtilly induced'^mts upon 

ocular musculature : a clmical self experiment. G- H. Young) 488 5 “ 
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Dynamic factors in the formation and re-obsorption of aqueous humour. (J. S. 

Friedcnwald) 503-510 n 

Xtococtleof maxillary antrum. (G. E. Dodds) 5I<^5V. _ _ 

Retro-bulbar neuritis (five cases) due to paranasal sinusiti^ (R. Ford) 5t*-5X5 
Reconstruction of the lower lid by Hughes’ method. (J. Foster) 5t5“^i9 
Congenital ectropion associated with bilateral ptosis ; case report. (S. Gordon 
& B. H. CragS 520-521 

Angioma of the retiiui. (I. C. Michaelson) 522-526 


British Journal of Radiolo©* 

17 : October 1944 

X-ray diagnosis in gunshot wounds of the abdominal cavity and its significance 
in field surgerj’. (S. A, Reinberg) 291-295 . 

Four primarily radiological lesions found xn traumatic chest cases : a preliminary 
report. (G J. Hodson) 296-299 

T .ine^tr radium source dose oUculators. (L. A. W. Kemp) 300-304 

Osteochondritis of patella. (H. Jungmatm) 305-307 

The Mvestigation of sciatica and lumbago: the radiological aspect. G. F. 
Braiisford) 308-311 

A case of patent ductin arteriosus associated with multiple pulmonary onctirysms 
and infective endocarditis. (H. R. Holmes) 312-315 

Localisation of foreign bodies by a radiometric method. (W. H. Hastings) 
316-318 

Tomographic appearance of the azygos lobe : with a description of two cases 
and a report of seven cases. G* H. Cra^siord) 319-322 


2 : 7/10/44 

Surge^r in Tunisia : November, 1942, to May, 1943. (j. M. Weddell) 459-462 
Investigation and treatment of enuresis in the army: preliminary report on 
277 cases. (P. L. Backus & G. S. Mansell) 462-465 
Post-<mcniiivc chest complications in gastric surgery. CT. W. Mimpriss & 
F. G, Etheridge) 466-468 

Tv-'o varieties of leukmmia in one family. (R. W. Mcikle) 468-469 
Superficial gangrene in adolescent diabetes. (H. Whittaker) 469-470 

2: 14/10/44 

The control of bacillary dysent^. (R. W. Fairbrother) 489-492 
Plasma add phosphatase in carcinoma of the prostate and the effect of treatment 
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This number of the Bulletin is devoted to reviews of recent 
work relevant to the study of virus, rickettsial, and bacterial 
disease. It is not intended to be a comprehensive statement of 
recent bacteriological work, but is concerned with subjects 
which are thought to be of special interest at the present time. 
Work on chemotherapeutic and antiseptic drugs is not in- 
cluded, but will be the subject of a later number. 

The first article is the fifth in a series of occasional articles 
on the development of medical studies in Britain. The author, 
Sir John Ledinoham, contributed this article a few months 
before his death on October Ath, 1944. Dr. G. F. Petrie, of 
the Lister Institute, read and corrected the proofs of the article 
and has contributed the following short note on the author : 

“ The recent death of Sir John Ledingham has removed a 
distinguished figure from the ranks of British bacteriologists. 
His life-long association with the Lister Institute, London, of 
which he tvas the director from 1930 until his retirement in 
1943, gave him abundant opportunities of keeping in touch 
with research work in Britain and in other countries. He 
maintained friendly contact with many of the leaders of medical 
research throughout the world. His outlook and temper were, 
indeed, international, and he did much to foster amicable and 
helpful relations with men of science everywhere, as is wit- 
nessed by the notable part he played in the three international 
congresses of microbiology of the past decade ; he was 
president of the second congress when it was held in London 
in 1936, and an honorary president of the third congress 
which met in New York in 1939 at the outbreak of the war. 
His own contributions to science gave evidence of an unusual 
width of knowledge, and include studies in pure bacteriology, 
haematology, immunology, pathology and virus agents. The 
article which follows bears testimony to the keen interest that 
he always took in the achievements of the past.” 

Ledingham had been emeritus professor of bacteriology in 
London University and bacteriologist to the Lister Institute 
for 38 years. He wos associate editor of the Medical Re- 
search CounciVs “ System of Bacteriology ” and was appointed 
a member of the Council in 1934. He was author with Sir 
Joseph Arkwright of a book on “ The carrier problem in in- 
fectious diseases ”(1912). Further particulars of Ledingham' s 
scientific career are to be found in obituary notices published 
in the British Medical Journal (1944, 2j 514) and Lancet 
(1944, 2, 550). 

Dr. C. H. Andrew^s is well known as one of the foremost 
authorities on virus disease. He obtained his medical educa- 
tion at St. Bartholomew's Hospital, London, where he sub- 
sequently had several resident clinical appointments. From 
1923-25 he was assistant resident physician at the Hospital 
of the Rockefeller Institute, New York City, and since 19.26 
he has worked at the National Institute for Medical Research, 
Hampstead {London), where he has been engaged almost 
entirely in the study of viruses, especially their immunology, 
their relation to tumours, and the influenza viruses. In 1933 
Andrewes discovered, with Professor Wilson Smith and the 
late Sir Patrick Laidlaw, that influenza was due to a virus 
which would infect ferrets and mice. This important discovery 


was the beginning of the scientific study of the difficult problem 
of influenza. 


The name of Dr. A. Felix will be familiar to all readers 
from his association with the Weil-Felix reaction for the 
diagnosis of typhus fever {1916). J In more recent years Felix 
has established the value of this' and similar reactions in the 
differentiation of rickettsioses throughout the world. He has 
also been responsible for work on the antigenic analysis of 
bacteria, in particular the recognition of the H, O, and Vi 
antigens. This work has opened a chapter in serology and 
provided new methods of distinguishing closely-allied bacterial 
species and of dealing with problems of passive and active 
immunity. Since 1927 Felix has been a member of the 
scientific staff of the Lister Institute from which he has, during 
the war, been seconded to the Emergency Public Health 
Laboratory Service {Medical Research Council). 


Dr. R. Cruickshank has been pathologist in charge of a 
Group Laboratory in the London County Council Hospital and 
Medical Services since 1936. He was lecturer in bacterio- 
logy in the University of Glasgow and bacteriologist to the 
Glasgow Royal Infirmary from 1928 to 1936. He received 
his early training in the bacteriology departments of Glasgow 
and Aberdeen Universities and did 3 years' clinical work in 
paediatrics and fevers. He has contributed to the literature 
on intestinal flora and intestinal infections, puerperal sepsis 
and the bacteriology of the genital tract, scarlet fever, pneu- 
monia, pertussis and air-borne infection. He gave the Milroy 
Lectures of the Royal College of Physicians on "Pneumo- 
coccal infections” in 1933 and was a Chadwick Lecturer in 
1943. He is joint-editor of" Control of the common fevers ” 
(1942) and is a member of the Medical Research Council 
committees on hospital cross-infection, protein requirements, 
and measles prophylaxis. 

He, has played an important part in the revival of interest 
in the mechanism and control of infections acquired in hospital, 
and is thus exceptionally well qualified as author of a historical 
review of this subject. 


Professor A. A. Miles, who contributes a review of modern 
ews on the same subject, was educated at Cambridge and St. 
artholomew's Hospital. He was demonstrator in bacterio- 
gy with the late Professor JV. JV. C. Topley at the London 
chool of Hygiene (1929-31), and then demonstrator inpatho- 
gy at Cambridge until 1935. He then became 
icteriology at the British Postgraduate Medical School, 
ondon, until he was appointed professor of bacteriology at 
diversity College Hospital Medical School {London Umver- 
ty). For the past 5 years he has also been pathologist- 
-charge of the London Sector IV of the Emergency Me ica 
srvice {Ministry of Health). His scientific activities have 
len mainly concerned with the immunologica pro e 
'ising from antigenic analysis of bacteria. As a 7 

te war he has been involved in the study of cross 
<■ wounds, but his interests are more in the general problems 
epidemiology of wound-infection, both in war . 

I industrial wounds, and in the special problems of infection 
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with anaerobic bacteria. In connection with industrial wounds, 
he has recently worked at the Medical Research Council's 
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THE DEVELOPMENT OF MEDICAL STUDIES IN BRITAIN : V. BACTERIOLOGY 


the late Sm JOHN C. G. LEDINGHAM, C.M.G., F.R.S. 


The p^ose of this article is to sketch the development of 
the science of bacteriology in Britain from its early days 
some seventy years ago, when a few scattered workers were 
stoing to gain acceptance for the germ theory of infectious 
disease, to the world-wide and intensive researches of modem 
times with numerous workers contributing to knowledge 
which IS constantly being applied to the solution of public 
health problems. Nowadays, increased and speedy inter- 
coiMumcation between men of science through special 
societies, scientific journals and international congresses 
has tended to make the research programmes of individuals 
and teams in difierent lands more or less similar, at least in 
genei^ scope. The layman, too, by means of the radio, 
popmar mgests, Md the public press, has now many oppor- 
umties of booming acquainted with the powers of bacteria 
or good or ill and the part these play in a tmly astonishing 
vanety of natural processes. 

^ apprraation of bacteria as living entities fulfilling de- 
in ™<^h'ons in nature came long after the demonstration 
m me Mventeenth century of his “ little animals ” by Leeu- 
J detected them by aid of his simple 

I described his observations in a long 

in '®hers to the Royal Society of London of which, 
m 4e year 1680, he was made a FeUow. 

frnm bacteriological era dates 

aftpr fi * „ “ sixties of last century, when Louis Pasteur, 
been a * > disposing of the abiogenesis theory which had 
himcri controversy for a hundred years and more, 

obsen.. ri lo tbe study of fermentation processes as 

demnn^t J manufacture of wine, beer and vinegar, and 
cellc vuo conclusively that living and multiplying yeast 
before w for the observed phenomena. Others 

Pattpiin’™ '^nme very near the trath, but the novelty of 
tinmilcE^a'™^^ failure of otherwise highly dis- 

attestpd^, science of the time to comprehend it, was 

and <:nm^ obstinate opposition of such men as Liebig 
rernpmke u Pasteur’s own compatriots. It will be 
beb'ef fnii P^teur’s final demolition of the abiogenesis 

(1837-101%*° the British scientist, Charlton Bastian 

vie^Y "'°° ceased to maintain his own point of 

was by no means co nfin ed to the 
antisenhV ^ Lister also experienced when his 

at a W to the world in 1865-67 

silkivnrm J. Pasteur had turned to the investigation of 
studies of Pasteur’s work on fermentation, 

helped bv • * fun^ had been made and were greatly 
which 2 ^,.*PI’™'’®™cnts in the compound rriicroscope in 
isti microscopists, notably Joseph Jackson Lister, 


father of Lord Lister, had taken a most important part. 
These studies had led to the recognition in the eighteen- 
thirties and -forties of fungal parasites in association svith 
certain skin diseases of man such as ringworm and favus. 
In 1865 the association of the much smaller bacteria with 
infectious disease had not really been made an object of 
experimental enquiry, though this idea was certainly present 
in the mind of Pasteur as an extension of his experience 
with diseases of beer due to the work of wild yeasts. It was 
not, however, until the late seventies and early eighties 
that he was to make his great contributions to preventive 
medicine. 

Achievement of Lister as a Bacteriologist 
In 1 865, when Lister, then Professor of Surgery in Glasgow, 
learned, largely by chance, of the work of Pasteur showing 
the dependence of the fermentation processes studied by 
him on the metabolism of the yeast cell, he was, so we are 
told, at once inspired with the notion that the “ putrefactive ” 
processes which he had sadly noted in surgical wounds and 
upon the causation of which he had long reflected, might also 
be due to the work of living microscopic agents. The revela- 
tion came to him in a flash and his reaction to it, like that of 
Pasteur when faced with a similar problem, was to attempt 
to control the morbid process without enquiring too closely 
into the nature and properties of the specific causative 
bacteria. Lister and Pasteur were essentially early exponents 
of preventive medicine, the one seeking to attack directly 
the presumed parasites that cause the festering of wounds, 
the other to immunize the host against the risk of an attack 
by invading germs in a virulent form. It is, indeed, remark- 
able that each of these principles has proved its worth in its 
own sphere of action, that of Pasteur having abundandy 
confirmed and extended the work of Jenner, on which 
Pasteur’s use of artificially attenuated cultures was admittedly 

based. • ti 

Lister’s antiseptic principle took root slowly, as is weu 
known, and with its full recognition as an essential element 
of good surgery, its tardy universal adoption now gives iw 
merely cause for wonder. Did Lister’s discovery’ d 
septic principle make him a bacteriolo^t ? In 18 e 
knew little or nothing of bacteria and their ways beyond the 
fact that their access to wounds could be prevented by the 
use of such chemicals as carbolic add, but Lister not 
content with this knowledge. He resolved to rrake hims^ 
a bacteriologist quickly— and in the early y<^ that 
his discovery of the antiseptic method, wMe a professo. ot 
surgery in Edinburgh, he spent the spare hoip ho was ab. 
to snatch from his professorial duties m an miensne study 
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of bacteria and fungi. He invented for his own use a com- 
plete bacteriological armamentarium together with ingenious 
accessories which enabled him to study both fungi and 
bacteria with a high degree of accuracy and under sterile 
conditions. Sir Charles Martin has, indeed, remarked in 
the course of a Lister Memorial Lecture “ I doubt whether 
bacteriologists are aware that Lister invented all their methods 
before 1870 ”. He made his mistakes both of interpretation 
and of technique but he was always ready to acknowledge 
them and to improve his methods. Moreover, by 1874, he 
had established a correspondence with Pasteur which was 
profitable to both. The fermentation and curdling of milk 
deeply interested Lister and he made a study of the factors 
which are involved in the process. With the aid of an in- 
genious syringe which he invented and which was capable 
of delivering minute quantities of fluid, he succeeded in 
securing a pure culture of the organism mainly responsible 
for the reaction, namely. Bacterium lactis. This is believed 
to be the first pure culture obtained of any organism. The 
great discovery of the use of solid media as an aid to the 
isolation of pure cultures of organisms was yet to come. It 
was made by Robert Koch (1843-1910), whose conclusive 
proof that Bacillus anthracis was the cause of anthrax ap- 
peared in 1876, and was soon followed by his experimental 
demonstration of micrococci as causative agents of wound 
sepsis. In the year 1881 Koch demonstrated . his solid- 
culture method at the International Congress of Medicine 
in London in the presence of Pasteur and Lister and we can, 
even at this date, understand the surprise and pleasure of 
these two pioneers when they realized the importance of the 
discovery for the future of bacteriological practice. It has 
been remarked that in the rapid development of bacterio- 
logical knowledge which followed Koch’s early discoveries, 
neither British nor American workers took any large share, 
and in a certain sense this is true and will be explained later. 
Nevertheless, in the opinion of the writer, had Britain 
possessed no exponent of bacteriology but Lister at the com- 
mencement of the bacteriological era, this country would 
have been adequately represented. The truth is that Lister’s 
achievements in bacteriology have long been overshadowed 
by the pre-eminence of his work for surgery. Between the 
years 1873 and 1881 he communicated to the press only 
six substantial papers on his bacteriological pursuits, which 
were carried on at night and in the early morning when he 
was free from the preoccupations of his routine work 
In a summary of British achievements in the sphere of 
bacteriology at this early date, one carmot omit mention of 
the work of John Tyndall (1820-1893) whose observations 
and experiments on the floating matter of the air in relation 
to putrefaction and infection appeared in 1881. Lister 
abandoned the carbolic spray as an aid to antisepsis in 1887, 
when he was satisfied that the organisms in dust played little 
or no part in the causation of wound sepsis, and that in any 
event the spray was powerless to destroy them. In his 
address to the Surgical Section on the International Medical 
Congress held in London in 1881, Lister made the remark, 
“ It must be distinctly borne in mind that the spray is, beyond 
all question, the least important of our antiseptic means, and 
that the circumstance that a surgeon does not happen to 
have a spray-producer at hand is no excuse whatever for 
abandoning the attempt to obtain aseptic results.” He was, 
in fact, convinced that the organisms most to be feared were 
those on the skin of the patient and the hands of operators 
and attendants. At the present time, with the knowledge 
we possess of the' frequent presence of specific pathogenic 
organisms discharged into the air from septic dressings or 
expelled from the throats of doctors, nurses or patients, 
physicians and surgeons are finding it very important to take 
steps to control this additional source of infection in hospital 
wards. The carbolic spray which Lister had rightly 
abandoned as useless has its modem coimterpart in the 
attempts to destroy infective germs and ultramicroscopic 
agents of disease in the atmosphere of rooms by aid of dis- 
infectants in “ aerosol ” form. 

Lister as a Pioneer in Inununology 
Lister, from his earliest approach to the surgeon’s calling, 
had pondered much over the sequence of changes, whether 
morbid or otherwise, that take place in wounds and more 
particularly over the probable factors that make possible 
the heah'ng of wounds under conditions permitting the acc^s 
of saprophytic germs, for example, from the air. He had 


come to the conclusion that blood must possess some peculiar 
property of destroying such germs. This idea he put to the 
test by exposing fresh- blood to air in sterile vessels when he 
found that putrefaction did not readily take place. A more 
elaborate and convincing proof came from an experiment 
in which he withdrew blood from the jugular vein of an ox 
into tubes, allowed it to clot, and added to the exuded serum 
tap-water in varying amounts. It was found that even at the 
temperature of the body, putrefaction did not take place 
when as much as eight drops of tap-water were added. The 
addition of putrid blood in minute quantities also failed to 
infect, nor id the addition of dust cause any putrefactive 
change within a reasonable period of time. He had thus 
independently demonstrated the presence in semm of a 
bactericidal agent which a few years before had been postu- 
lated by Lewis and Cunningham and later had been more 
elaborately studied by Fodor (1886) and by Nuttall (1888). 
This property of serum is almost certainly of great importance 
in natural defence. Further, in the course of experiments 
performed by Lister at the &ole Vetdrinaire, Toulouse, he 
had carefully noted the changes which took place in vascu- 
larizing clots artificially produced in the jugular vein of an 
ass, and had observed the appearance of multitudes of “ new 
living elements ” whose function was a mystery to him until 
Metchnikoff’s work on phagocytes appeared towards the 
close of the eighties. 

Rapid Advances after Koch’s Early Discoveries 
The decade 1880-90 witnessed a succession of spectacular 
discoveries of disease agents, largely owing to Koch’s having 
placed in the hands of students of bacteriology an equipment 
and a scheme of technical procedure which greatly facilitated 
the isolation and recognition of the bacterial agent responsible 
for the disease under study. Many authorities would date 
the commencement of modem bacteriology from this period. 
Pupils flocked to Koch’s Institute in Berlin from his own 
country, and from many foreign countries including Britain, 
to understudy the master and subsequently to disseminate 
the new knowledge. At this time the output of newly dis- 
covered agents of infectious diseases was essentially the work 
of Koch or his pupils. In Britain there was no such centre of 
research. This had to await the return of students who had 
worked under Koch or elsewhere in Germany and the wide 
diffusion by translations of outstanding bacteriological texts. 
Lister was too occupied to found a school of bacteriology, 
though he alone was capable of doing so. Watson Qieyne, 
the surgeon who accompanied Lister from Edinburgh to 
London in 1877 and who, like his chief, had an active interest 
in bacteriological problems that were the concern of the 
surgeon, studied and worked for a time with Koch and later 
did excellent service by making known to English readers, 
through his books, the achievements of the new science. 
Edgar Crookshank (1858-1928), who studied in various 
German laboratories and later established the first bacterio- 
logical laboratory in London at King’s College, produced in 
1886 a Manual of bacteriology, which still occupies an im- 
portant place among the early bacteriological handbooks 
and is particularly valuable for its comprehensive references 
to papers up to that time in all branches of bacteriology. 
Lister and Watson Cheyne, with Alexander Ogston (1844- 
1929) of Aberdeen, made a trio of bacteriologist-surpons 
whose original work worthily represents British efibrt in ^e 
field of bacteriology at this early period. Ogston during 
1880-83 carried out fundamental research on the micrococci 
present in abscesses, thus completing and amplifying Koch s 
contribution to the subject in 1878. By cultural methods, a 
special staining technique, and inoculation of cultures into 
experimental animals, he proved in a masterly maMer that 
abscesses in man of the acute type invariably contain miCTO- 
cocci and that these latter are of two kinds and are 
tinguishable by their manner of arrangement in stained films 
of the pus. He distinguished the Streptococcus of 
from another form, resembling bunches of grapes, ® 

named the Staphylococcus. Ogston’s work greatly clarine 
the hitherto rather confusing .picture presented by coc^i 
parasites in these abscesses and in septic processes 
Lister’s boldly conceived principle of anUsepsis, which was 
based on the firm belief that “ putrefaction ” of wounds mi^t 
surely, like other processes studied by Pasteur, be the wo 
of micro-organisms, became in Britain, as was natura in 
first instance, the province of surgeons eager to 
more intimate knowledge of the types of bactena which are 
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liable to frustrate their surgical skill and endeavour. Outs'dc 
the ranks of the surgeons there were at the tinre (the eighties) 
in Great Brit.ain few if any trained pathologists with the 
exception of Greenfield of Edinburgh, who were attracted 
to the new study. The reason is that a chair of pathology, 
except in Scotland, did not then exist in Britain. The most 
prominent representatives of experimental medicine in 
Britain during the seventies were physiologists, headed by 
the veteran William Sharpey. Their work was in the main 
confined to histolog>’ and microscopy, but after the formadon 
ofthePh>-siological Society in 1876, followed two years later 
by the foundation of the Journal of Physiolo;;)-, the experi- 
mental aspect of the subject became and has continued to 
be, in Britain, the rescaieh field of a long succession of 
distinguished exponents whose names arc household words 
throughout the world. Cambridge University and University 
College, London, have long been,- perhaps, the most favoured 
centres of their labours. Tlic incursion of physiologists into 
bacteriologj’, at a time when repbrts of the early discoveries 
of specific micro-organisms in infectious disease were being 
made, was not a particularly happy venture, for the new 
subject of enquirj- demanded a novel and difificult technique, 
and the correct interpretation of bacteriological findings 
derived from cultivation methods required considerable 
experience which few then possessed. It is noteworthy that 
the phj-siologists paid great attention to the probable mechan- 
ism, in the light of purely physiological principles, of the 
pathological lesions they found at necropsies (of suspected 
cholera cases), irrespective of whether the cultures yielded 
Koch’s vibrio or not. The bacteriologist of to-day would 
welcome collaboration with the physiologist, for there arc 
many aspects of bacterial activity, such as the nature of the 
interactions of host and parasite at their earliest contacts, 
which would be likely to receive illumination from his special 
methods of stud}’. Their partnership could hardly, 
nowadays, be followed by such a" strange happening as 
Lister’s warning 'against the easy acceptance in 1881 of 
Ogston’s work on the causative role of the staphylococcus in 
acute abscesses, on the ground that the phenomena of in- 
flammation which he had carefully studied as a young post- 
^duate under the insp’iration of Sharpey, might conceivably 
include suppuration as an end-result of nervous influence on 
the blood vessels. Lister attached cardinal importance to 
this i^uence and attributed to it such results of counter- 
irntation therapy as he had observed. Ogston replied 
effreUvely to the criticism and, needless to say. Lister quickly 
revised his opinion. 


Modem Period 

Towards the close of the 19th century it became obvious to 
men of vision in Britain that a specially trained cadre of 
ctenologists was absolutely essential to ensure the future 
progress of the science in this country. The marvellous work 
° during his declining years, and in particular his 

u les on the control of rabies (1884), the novel and 
hv researches of Metchnikoff, and the interest excited 
y e discovery of diphtheria and tetanus toxins and their 
rresponding antitoxins, aU served to emphasize the necessity 
bacteriological research in special institutes 
(v departments of pathology of the universities and of 
large voluntary hospitals. In 1891 the British Institute 
Merficme, later to be renamed the Jenner 
and ” " ^ feally the Lister Institute, was incorporated 
research career in 1893, has now half a 
oerirn^ P®’^°™dnce to its credit in many fields of ex- 
mirrr.v 1 including that of bacteriology and 

resean-if .^^''^rally. During this time it has afforded 
Com Oddities to many workers both from the British 
'-oramonvvealth and from foreign lands. 

®^dff of a research institution 
chemkt™ id the basic sciences such as bio- 
of the Wophysics, has the effect of raising the quality 

between' ^iT’ provided that the fuUest liaison exists 

riinical m f ."’°rkers in the various fields. The lack of 
if at allm^ tidies, be seriously felt and should, 

hosnitai , 800 d by the provision of research 

iihle to the institution. There can be 

institution * ^ future the facilities offered by research 

nnd that tv,’ ° '''“'^i^nrs from abroad will be greatly extended, 
to tho ^ dP^rote to the certain benefit of science and 
roe cause of international amity. 


Some thirty years ago, under the terms of the National 
llc.alth Insurance Act (191 1), financial provision was made for 
medical re.scarch, and was followed by the formation of the 
Medical Research Committee (later the Medical Research 
Council) working under the Privy Council and responsible 
not only for the conduct of medical research in a special 
institute {National Institute for Medical Research) but also 
for the financial support of research in many branches of 
medicine undertaken by selected workers throughout the 
country’. The value of the services of the Council to medical 
research, including bacteriological science, has been in- 
calculable, and the investigations of its experts in the National 
Institute, together with the reports of its special enquiries 
and surveys (M.R.C. Special Report Series), have long been 
known and appreciated throughout the ’world. 


Research and Teaching 

B.actcriological research has long been pursued in the 
pathological departments of all the Bri'ish universities and 
many of the large voluntary and municipal hospitals. In 
.addition, there have, for some time, been chairs of bacterio- 
logy in the great majority of the universities, where not only 
medical bactcriolog}’, but also bacteriology as applied to 
agriculture and industry, is taught and studied. At 
Cambridge, since 1924 when pathology was included as a 
subject in Part II of the Natural Sciences Tripos, more than 
half the time of the course is devoted to bacteriology. The 
veterinary world possesses a number of institutions such as 
the Royal Veterinary College, the Institute of Animal Pathology 
at Cambridge, and the Veterinary Research Department of 
the MinistD’ of Agriculture, in which active work is conducted 
on bacterial and virus diseases of farm animals. 

Recently-introduced equipment such as ultracentrifuges of 
the Svedberg and other types, electrophoresis apparatus, and 
electron microscopes, are now available in one or other of 
the various institutions I have mentioned above, so that the 
visitor from abroad who wishes to put his ideas to the test 
will have no difficulty in finding facilities adequate for his 


purpose. . , ... 

Bacteriology as applied to hygiene, sanitauon, epideniio- 
logical enquiry, and the diagnosis of infectious disease, has 
been practised in Britain from a very early period. Dunng 
the present war facilities for applying bacteriological methods 
in the field of hygiene have been greatly augmented by the 
provision of many additional laboratories through-out the 
country under the Emergency Public Health Laboratory 
Service organized by the Medical Research Council. 

At Cambridge University in 1875 the first Diploma in 
Public Health was established, and this example was followed 
by universities and licensing bodies. Bactenolog}' and 
serology have always formed an important part of the 
instruction for this diploma. Courses leadmg to a post- 
graduate diploma in bacteriology were establish^ m the 
University of Manchester by the late Professor W. W. C. 
Topley in 1923 and served, no doubt, as the 
which Topley developed the courses in the London 
Hygiene for the academic Diploma in Bactenology of London 

^"outride’ the purely medical fields them have for ma^ 
years been departments in the large agneu tural and daiD 
researeh institutes for the study bacteriolo^' and proro- 

zoology in relation to the soil, to plant dise^es ba®ron^ 
and virus origin, and to the numerous problems of the dairy 
indu^S^. Tneed mention only such institutes as the Rodtan. 
sted Experimental Station, known the world over for 
servicS^^ragriculture. the National ....stitute for Research m 
D^rv^Vat Reading, ihe Hannah Dairy Research Inst, tme m 

Ayrshire, and the Rowett Institute their 

feLstriaJ firms, or combinations of such, also have then- 

research departments in which studies they 

to/ ..d protozoj., “f 

concern the particular industry whether i j^-nnaj^utical 
manufacture, or the seamh 

firms for new substances of chemotherapeuuc imp 
A long list of such firms could te ded- arrange 

Technical schools which, indeed, 

also for the teaching and stud> of ‘^is J of com- 

vvould seem to enter more and more i^ the 
mitments essential for indi^tna! p = important one 

A subdivision of roicrobiologv . 
to which I have not yet ^Uode ^ P j suffice, however, 
in its relation to animal diseases. 
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lo state that the study of protozoa as causative agents of 
disease has long been intensively pursued in the great Schools 
of Tropical Medicine in London and Liverpool, the Wellcome 
Bureau of Scientific Research, and in the universities, for in 
this sphere of enquiry Britain can boast a line of pioneers, 
many of them of Scottish birth (e.g. Manson, Ross, Bruce 
and Leishman), whose names have been known throughout 
the scientific world for at least half a century. In recent 
years the term Microbiology has come to connote a study 
which treats of virus agents, protozoa and microfungi in 
addition to bacteria, and it is significant that three inter- 
national congresses for microbiology, held respectively in 
Paris, London and New York during the past decade, adopted 
this convenient term and reported progress in all those sub- 
jects which are concerned with the activities of living micro- 
scopic and submicroscopic agents. 

Literature 

TSe purely specialist journals published in Britain which 
contain or may contain papers on microbiology (including 
bacteriology, virus research, protozoology, and mycology) 
are the following : the Journal of Pathology and Bacteriology, 
the British Journal of Experimental Pathology, the Journal of 
Hygiene, the Journal of Dairy Research, the Annals of Applied 
Biology, the Transactions of the British Mycological Society, 
the Abstracts of the Society of Agricultural Bacteriologists, 
and Parasitology, but many important papers have first seen 
the light in the Proceedings of the Royal Society (Series B), 
the Lancet, xmd the British Medical Journal ; in recent years. 
Nature, like Science in the United States of America, has 
given early publicity in its columns to new or promising 
developments. The Transactions of the Pathological Society 
of London, whose long history came to an end when the Royal 
Society of Medicine was founded, the Philosophical Trans- 
actions of the Royal Society of London, and the Quarterly 
Journal of Microscopical Science contain many of the earlier 
contributions to bacteriology published in Britain during the 
last quarter of the past century. 

The Tropical Diseases Bulletin and the Bulletin of Hygiene, 
now in their 41st and 19th volumes respectively, contain 
inter alia valuable abstracts and reviews of current micro- 
biological research. Both are issued under the direction 
of the Honorary Managing' Committee (appointed by the 
Secretary of State for the Colonies) of the Bureau of Hygiene 
and Tropical Diseases, Keppel Street, London, W.C. 1 . P'his 
Bureau also publishes, on behalf of the Medical Research 
Council, a Bulletin of War Medicine, now in its fifth volume.] 

I cannot fail to allude here to at least five outstanding 
additions to general knowledge and to the history of bacterio- 
logical science, viz. ; (1) The history of bacteriology by the 
late Professor William Bulloch, to which I have often had to 
refer while compiling this sketch ; (ii) A system of bacteriology 
in relation to medicine in nine volumes, written by British 
workers and published between the years 1929-31 by His 
MajestyY Stationery Office under the aegis of the Medical 
Research Council ; (iii) the very notable and comprehensive 
treatise. Principles of bacteriology and immunity, by the late 
Professor Topley and his colleague Professor G. S. Wilson 
of the London School of Hygiene ; (iv) Diphtheria : its 
bacteriology, pathology and immunology, written by seven 
members of the Bacteriological Committee -of the Medical 
Research Council and published in 1923 by His Majesty’s 
Stationery Office ; and (v) Antony van Leeuwenhoek and his 
“little animals", by Clifford Dobell (London, 1932): a 
masterly treatise on the life and work of the discoverer of 
bacteria. 

Some Twentieth-Century Contributions 

It would be a diflScult task to attempt in a short aiticle any 
detailed survey of British bacteriological studies during the 
past half-century, but I may usefully draw attention to some 
notable advances dating from the commencement of the 
present century : 

i. The contributions to immunology in the early years of 
the century, with particular reference to the prophylaxis of 
enteric disease. Such studies have since been actively pursued 
as the need for control of the manufactru-e and standardiza- 
tion of biological products, particularly therapeutic sera, 
became more and more acute, and as the urge arose to explore 
the mechanism of antibody-production, the chemical nature 
of antigen and antibody, and their manner of union (immuno- 
chemistry). 


ii. The work of the Tuberculosis Commission, which 
revealed the importance of bovine tubercle bacilli as causative 
agents of tuberculosis in man.- 

iii. The experimental demonstration of the transmission of 
bubonic plague by the rat-flea. 

iv. The work of the Mediterranean Fever Commission 
which incriminated the goat as the reservoir of the causative 
agent, discovered in 1887 by David Bruce, and also the work 
of the Royal Society's Sleeping Sickness Commission. 

^ V. The pioneer researches into anaerobes and their differen- 
tiation carried out by a team of workers during and after 
the war of 1914-18. 

vi. The new knowledge relating to bacterial variation during 
the first decade, and the later contributions on the antigenic 
constitution of the enteric and food-poisoning groups of 
bacteria. 

vii. The work on experimental epidemiology by the late 
Professor W. W. C. Topley and Professor M. Greenwood at 
the London School of Hygiene. 

viii. The elaboration of a trustworthy and efficient 
prophylactic agent against diphtheria (A.P.T.) now widely 
used throughout the world and emanating from the Wellcome 
Serum Laboratories. 

ix. The differentiation and significance of the gravis, rnitis 
and intermedins types of C. diphtheriae by workers of the 
Leeds school. 

X. The contributions of the late Dr. F. Griffith and the late 
Dr. W. M. Scott, both victims of enemy action during the 
present war, to the serological typing of streptococci, and its 
application to such problems as the mechanism of origin of 
puerperal sepsis and ward infection. 

xi. The contributions of biochemists to the study of bacterial 
metabolism and nutrition, commencing with the pioneer 
studies of the late Arthur Harden of the Lister Institute and 
continued there and also at the Biochemical Department 
of the University of Cambridge, the Department of Bacterial 
Chemistry of the Medical Research Council, the Bacterio- 
logical School of Leeds University and other centres. 

xii. The discovery of bacteriophage at the Brown Institution 
by F. W. Twort. 

xiii. Chemotherapeutic investigations in protozoal and 
bacterial disease, including the discovery of penicillin by 
Fleming at St. Mary's Hospital and the development of this 
discovery by Florey and his colleagues at Oxford ; and the 
contributions to the chemotherapy of certain protozoal 
diseases by the late Professor Warrington Yorke and others. 

xiv. The substantial contributions of British workers during 
the past two decades to our knowledge of virus diseases and 
of virus agents, particularly the discovery of a virus associated 
with influenza made at the National Institute for Medical 
Research ; and the enquiries into the nature of virus bodies, 
such as those of vaccinia and smallpox, described originally 
by Buist in the eighties of the last century, independently 
rediscovered by the late Professor Paschen, but only in recent 
years in Britain rendered capable of isolation in a pure state 
and proved to be the actual causative agents of the diseases 
in question. These bodies, whether of plant or of animal 
origin, have now become the subject of intensive chemical 
and biophysical study both in this country and in the U.S.A. 

This brief recital of notable advances must for the moment 
suffice. Further rapid progress may be expected in the 
future as the solution of the numerous problems presented 
by microbiology engages more and more the interest and 
assistance of experts in the basic sciences. A firmer liaison 
than now exists in Britain between workers in the various 
fields of microbiology would seem to be highly desirable for 
the discussion of common problems, and it is hoped that 
this desideratum may be realized in some effective way in 
the post-war period. 

In conclusion,' I cannot omit mention of the services 
rendered to bacteriologists in all spheres of work and in 
many lands by the National Collection of Type Cultures, 
located at the Lister Institute, with the financial support of 
the Medical Research Council. 
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VIRUS DISEASES OF MAN : A REVIEW OF RECENT PROGRESS 
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The subject of virus diseases is now so extensive that a review 
such as this cannot attempt to cover it all. The rvriter must, 
therefore, confine himself primarily to the diseases affecting 
man and consider only those aspects in which he judges that 
the greatest progress has recently been made. No attempt 
ivill be made to go deeply into the large and controversial 
subject of the nature of viruses, and many other subjects 
such as the relationship of viruses to tumours will also have 
to be omitted. 

New Biological Techniques 

Viruses are known by their small size, their inability to 
grow on lifeless culture media, and their dependence for 
multiplication on a habitat within living cells, whether animal 
or vegetable. New methods for studying them, many of 
them expensive and complicated, have been evolved in recent 
years ; but ultimately almost all work on viruses is limited 
by the need for a susceptible laboratory animal. Diseases of 
veterinary importance affecting cattle, s^eep, horses or poultry 
can, if necessary, be studied by experiments on the affected 
species, though this is often a costly business ; but for the 
study of human virus diseases a convenient small laboratory 
animal is of prime importance. Fortunately, the rabbit, the 
guinea-pig or the mouse can be infected with many important 
viruses, such as those of vaccinia, herpes simplex or yellow 
fever; but some human viruses will infect only rhesus or 
other species of monkey ; examples are mumps, measles and 
trachoma. The only animal reported as being susceptible 
to the virus of the common cold is the chimpanzee. 

Progress has been made in recent years by successful search 
for “ new ” laboratory animals, more convenient and less 
expensive than chimpanzees and monkeys. The use of the 
ferret by Laidlaw & Dunkin (1926) in their work on dog 
distemper introduced that animat to the virus-laboratory, and 
it has been widely used since the discovery (Smith, Andrewes 
& Laidlaw, 1933) that it can be infected with influenza. In 
1939 Armstrong transmitted a strain of poliomyelitis virus' 
to the cotton-rat, Sigmodon liispidus, a rodent commonly 
found in the United States and not imlike an ordinary brown 
rat but with longer fur. Since then cotton-rats have been 
profitably used for the study of many virus diseases. They 
readily breed in captivity — needless to say a most important 
asset for any candidate for the post of a laboratory animal. 
Other rodents such as golden hamsters {Cricetus auratus) and 
voles {Microtus arvensis) also breed readily and are likely to 
be useful ; and trials with yet others are reported with in- 
creasing frequency. 

Kunkel (1943) has lately emphasized the advances which 
have accrued from the introduction of new species of plant 
hosts into the studies of plant viruses, and it seems likely that 
the same will apply in the case of animal viruses, though 
greater difficulties are involved. There are human diseases 
almost certainly due to viruses but not yet transmitted to 
species other than man — such are herpes zoster, moUuscum 
contagiosum, dengue, sandfly fever and infectious hepatitis. 
Workers have shown much zeal in attempting transmission 
to whatever in the way of a menagerie they could obtain. 
But many animal-viruses will only infect one host-species. 
It is likely that, in the case of some human virus diseases, we 
shall have .to be content for the present wth the information 
obtainable from e.\pcriments on human volunteers, and even 
that much knowledge we may have to forgo if the disease is 
too dangerous for experiments on man. 

The new *' laboratory animal ” which has yielded by far 
the best dividends is the fertile hen’s egg. Embryonic tissues. 


whether in the living egg or in tissue-cirlture, will support the 
growth of many viruses which will not survive in newly 
hatched chicks. Woodruff & Goodpasture (1931) introduced 
the technique of growing viruses on the chorio-allantoic mem- 
brane of hens’ eggs, and Burnet (1933) further developed it, 
particularly by describing a method for making an artificial 
air-sac over the atea of membrane which it was desired to 
infect. This new technique is now in use in almost every 
virus-laboratory. Some viruses will produce isolated count- 
able lesions on the membrane, so that a virus-suspension can 
be titrated, much as are bacteria when moculated on agar in 
a Petri dish ; further, the technique can be applied to the 
titration of immune-sera and to other studies. Another 
advance came from Goodpasture’s laboratories (Buddingh 
& Polk, 1939), and again this was developed by Burnet (1940) : 
viruses were inoculated into the amniotic cavity of the de- 
veloping embryo and thus almost directly into its respiratory 
tract. Cox (1938) first introduced viruses into the embryo’s 
yolk-sac, and this technique is the basis of modem methods 
of cultivating the rickettsiae of typhus fever for vaccine manu- 
facture. So, for various purposes, viruses may nowadays be 
injected either on to the chorio-allantoic membrane, or into 
the amniotic, allantoic or yolk-sac cavities or directly into 
the body of the small embryo. 

Nor does this exhaust the use of the chick-embryo. Good- 
pasture & Anderson (1944) have sought to overcome dhfi- 
culties due to a lack of species susceptible to human vimses, 
by grafting human skin or other tissues on to chick chorio- 
allantoic membranes and infecting them while they are sur- 
viving there. In this way, they have infected human tissues 
in ovo \vith the virus of herpes zoster, showing that they have 
done so by demonstrating characteristic “ inclusion bodies ” 
in the nuclei of infected cells. 

Finally, minced chick-embryo is the favourite medium for 
growing viruses in tissue-cultures. Probably most viruses 
which are accessible to laboratory study at all, have been 
grown in tissue-cultures. For many, the simplest techniques 
suffice ; it is only necessary to mince up some of the chosen 
tissue, suspend it in a modified saline (Tyrone’s solution) in 
a suitable small glass vessel, add some virus and incubate at 
37° C. In these instances the animal tissues are infected 
while merely surviving, not multiplying. But for other 
viruses, one has to add serum or plasma to the medium, to 
observe greater care as to its composition and to use the more 
elaborate techniques which ensure that the cells not only 
survive, but remain reasonably healthy and multiply. Propa- 
gation of viruses in tissue-cultures is proved by grinding them 
up and testing them for the presence of virus by animal- 
inoculation (while making due allowa'nce for the possibility of 
mere survival), by finding characteristic pathological changes 
in cells such as “ inclusion bodies ” or by detection of altera- 
tions in the gro\vth of the cultures. 

Erythrocyte Agglutination by Viruses 

Recently Hirst (1 941 , 1 942) — and, independently, McQelland 
& Hare (1941) — noted when opening chick-embryos infected 
with influenza virus that erjihrocytes from accidentally cut 
vessels of the chick-embiyo \scre agglutinated when the blood 
flowed into the allantoic fluid. Wo such agglutination 
occurred in the case of uninfected embryos Further work 
showed that it was. in fact, the adsorption of influenza Urus 
iuelf on to the erythrocj-tes that caused the agglutination. 
Here was the basis of a very elegant and consenient technique 
for quantitative studies of infiuenza.and workers has c not been 
slow to make use of it. Cells of adult foss'ls, and, rather less 



conveniently, of other species such as guinea-pigs or human 
beings (group O) can be used. Virus can be estimated quan- 
titatively and so can antisera, for in the presence of the 
appropriate antiserum specific agglutination of erythrocytes 
does not occur. Influenza virus, treated with formalin or 
stored for long periods until no longer infective, may yet 
retain agglutinating power for erythrocytes, but extracts of 
virus cause no agglutination. Study of the mechanism of 
this phenomenoa may shed light on the way in which viruses 
infect cells. Apparently virus is adsorbed to erythrocytes, 
but after a period of time comes off again, is eluted, having 
during its attachment so altered the erythrocyte surface that 
the addition of fresh virus will no longer agglutinate the cells. 
Experiments with living ferret lungs (Hirst, 1943) indicated 
that virus was adsorbed to living susceptible cells just as to 
erythrocytes, but that spontaneous elution of virus did not 
occur: presumably the first attachment was succeeded by 
some other and firmer cell-virus relationship. On the other 
hand, in ferret lungs removed from the animal, virus was 
taken up, but later became detached, just as in tests with 
erythrocytes ; the secondary stage, perhaps of penetration 
into the cell, seemed not to take place. Formalin-treated 
virus under these conditions was adsorbed, but could not 
be eluted. 

Some other viruses, such as vaccinia, will agglutinate ery- 
throcytes, but whereas influenza virus does so with cells of 
various animal species, vaccinia agglutinates only fowl-cells, 
but not the cells of every fowl (Clark & Nagler, 1943). 

Interference Phenomenon 

In some circumstances an animal cell may be simultaneously 
infected by two, or more viruses, but such double infection 
is not always possible. There is evidence that sometimes, 
when a cell has sufficient contact with one sort of virus, it 
is for a time incapable of being infected with certain other 
viruses, which may be immunologically unrelated to the first. 
One virus is said to “ interfere ” with the action of another. 
The phenomenon is well known to students of plant viruses ; 
as regards animal viruses it was first heard of (Hoskins, 1935) 
in connection with yellow fever ; it was found that monkeys 
injected with the fatal viscerotropic strain of virus could have 
their lives saved by subcutaneous injection, at the same time 
or within a short period afterwards, of the neurotropic 
variant of yellow-fever virus. This variant does not kill 
monkeys when injected subcutaneously. Interference has 
been shown to occur between the viruses of yellow fever and 
Rift-Valley fever (Findlay & MacCallum, 1937a), between 
different strains of poliomyelitis (Jungeblut & Sanders, 1942), 
between diflferent strains of influenza (Andrewes, 1942a ; 
Henle & Henle, 1944), between the viruses of poliomyelitis 
and lymphocytic choriomeningitis (Dalldorf, Douglass & 
Robinson, 1938), between the viruses of western equine 
encephalomyelitis and St. Louis encephalitis (Duffy, 1944) 
and between two viruses affecting rabbits (Andrewe?, 1940). 
The mechanism has been explained, at least in part, by ex- 
periments with two bacteriophages attacking B. colt. (There 
is every reason to consider phages as viruses which parasitize 
bacteria). Delbruck & Luria (1942) found that if even one 
phage particle had sufficient access to a bacterial cell, other 
phage particles of the same or another kind were frustrated 
in their efforts to infect the cell also. It was even found that 
phage inactivated by ultra-violet radiation could, after adsorp- 
tion by the bacterium, still block the activity of other phage 
added later. The suggestion was made that the phage 
particle first added could preoccupy a key-enzyme in the 
bacterium, thus preventing the propagation of late-comers. 

These findings have been followed up by Henle & Henle 
(1943, 1944) and by Ziegler & Horsfall (1944), who studied 
the power of one influenza virus to interfere with the multi- 
plication of another within the allantoic cavity of chick- 
embryos ; they also found that virus inactivated by ultra- 
violet radiatipn or otherwise could stop the activity of small 
quantities of living virus. All this work opens up new fields 
for thought and experiment. A new approach to the study 
of the mode of attack of viruses is clearly to be seen. The 
use of inactivated virus or attenuated live virus is now con- 
ceivable. not as an immunizing vaccine in the ordinary sense, 
but as an immediately effective prophylactic agent of a new 
type. Perhaps most entertaining of all are speculations as 
to whether one virus may fail to spread epidemically in a 
community because of the presence of another virus inimical 
to it. 


Chemical and Physical Studies of Viruses 

Our discovery of how viruses act will naturally be closely 
linked with the discovery of what viruses are. There are 
now available new tools with the aid of which we are learning 
more and more about their nature. Physical' methods are 
not only revealing the size, shape and other properties of 
viruses, but are being used to purify them so that we may 
obtain some information as to their chemical composition. 

The sizes of viruses have been estimated by filtration, cen- 
trifugation and optical methods, in most instances with fair 
agreement. The simplest, most generally used method is 
filtration through gradocol membranes. These are tough, 
opaque collodion membranes whose preparation was de- 
scribed by Elford (1931). The use of different proportions 
of solvents made it possible to prepare at will membranes 
with pores of any desired diameter, from 3 !j. or so downwards, 
and of satisfactory uniformity. From the results of filtration, 
it is possible to deduce the size of the virus-particles, but it is 
necessary for workers to be aware of the factors introduced 
by .the nature of the suspending fluid, the titre of the un- 
filtered virus, and so on. 

Many techniques have been described for determining the 
properties of viruses by ultracentrifugation. Most dramatic 
have been the results obtained with the Svedberg analytical 
ultracentrifuge and modifications of it. The rate of sedi- 
mentation of purified virus-suspensions is determined by 
means of photographs taken while the machine is actually 
running, but knowledge of shape and specific gravity is neces- 
sary before size can be deduced. Optical methods give the 
most direct information about size and shape. Ultra-violet 
photographs have revealed much, and the electron-micro- 
scope is showing us yet more, though the latter suffers from 
the disadvantage that material for study must be dried and 
examined in vacuo. 


By the combined use of these new instruments we are now 
in a position to give approximate figures for the diameters 
of nearly all viruses, from the 10-15 m[i. of poliomyelitis and 
foot-and-mouth disease viruses up to the 300 mg. (0-3g) of 
psittacosis. A virus related to poliomyelitis virus is how 
stated (Card & Pedersen, 1941) to have an elongated needle- 
like shape — much as have tobacco-mosaic and other plant 
viruses ; influenza virus is revealed by the electron-microscope 
to be oval or perhaps bean-shaped (Taylor, Sharp, Bland, 
Beard, Dingle & Feller, 1943) ; vaccinia and viruses related 
to it appear rectangular with areas of condensation of material 
within them, while others seem to be nearly spherical 
(Ruska, 1943 ; Rivers, 1943). Some bacteriophages have the 
appearance of rounded heads with slender tails attached — 
not unlike spermatozoa (Luria, Delbruck & Anderson, 
1943). 

Stanley’s (1935) discovery that tobacco-mosaic could be 
crystallized gave the impetus to much work and to even more 
speculation as to what viruses were. So far no animal virus 
has been crystallized, though a number have been obtained 
in a state of considerable purity. The rabbit-papilloma virus 
(Bryan & Beard, 1940) seems to resemble many plant viruses 
in consisting, apparently, of pure nucleoprotein. Its sim- 
plicity of structure is also indicated by the fact that it behaves 
serologically as though consisting of a single antigen (Kidd, 
1938). But most other animal viruses seem to be more com- 
plex. Vaccinia, for example (see Rivers, 1943), apparently 
has a surface-constituent which can become free and act as 
a soluble antigen, and so have several other viruses. That 
of vaccinia is itself complex, having a heat-stable and heat- 
labile constituent ; moreover, vaccinia has probably got three or 
four other antigens in its constitution. Chemically, the virus 
contains nucleoprotein in which is incorporated a thymo- 
nucleic acid, and some lipid is apparently firmly bound m 
its structure. Copper and flavin are probably present also. 
Much work has been done in the effort to reveal enzymic 
activity on the part of purified vaccinia and other virus 
particles, but the evidence is inconclusive, partly ^^ause 
enzymes from the host-cell seem to be rather easily adsor e 
on to the surface of a virus. Few will now deny that vaccinia 
and other larger, relatively complex, viruses are analogous to 
bacteria, but have become simplified and have lost enzyme 
systems and' other properties as a result of retrograde eyol - 
tion and adaptation to a parasitic life. Not ^ ’ 

however, as to whether this explanation can sti hold as o 
goes down the scale till one reaches the smallest, sungest 
viruses, including the plant viruses which can be crystanize . 
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Classification of Viruses 

The time is not yet ripe to attempt a rigid classification of 
viruses, or to allot them generic and specific names. But it 
is worth considering briefly where to draw the dividing line 
between them and cultivable bacteria. No sharp line can 
be drawn by the application of any one criterion, whether 
this be size, shape, dependence for growth on living cells, 
staining properties or mode of transmission. But between 
the main body of viruses, which are clearly separate from 
bacteria, and the bacteria themselves, there stand two 
relatively well-defined groups : 

(i) The rickettsiae which cause typhus and related diseases 
are smaller than most bacteria, nearly all completely de- 
pendent upon the interior of living cells for their livelihood, 
and their presence within cells at times leads to the formation 
therein of inclusion bodies. They differ from the majority 
of viruses in being relatively easily stained and in their varying 
morphology — ^bacillary forms are the general rule. All are 
insect-transmitted and most have an antigenic relationship 
to members of the proteus group of bacteria. Strong sus- 
pensions of some rickettsiae injected intraperitoneally into 
mice kill within a few hours by a kind of toxic action ; but 
the “ toxin ” has not yet been separated from the living 
rickettsial bodies (Otto & Bickhardt, 1941). According to 
Zinsser & Schoenbach (1937), their metabolism in tissue- 
culture differs from that of viruses, but we have not yet 
sufficient information to say whether this is true. They are 
susceptible in some cases to chemotherapy but not by 
sulphonamides. 

(ii) The “ LGV-psittacosis ” group has lately become defined 
mainly as a result of the work of Rake, Eaton and their 
collaborators (Rake, Eaton & Shaffer, 1941 ; Rake, Shaffer 
& Thygeson, 1942). It contains the viruses of lymphogranu- 
loma venereum (LGV), psittacosis and related bird-borne 
infections (ornithosis ; Meyer, 1942), trachoma, inclusion- 
conjunctivitis and pneumonia viruses affecting cats, mice and 
hamsters respectively. Viruses of this group have been re- 
covered from a few cases of atypical pneumonia in man even 
in the absence of a history of contact with birds ; the cause 
of the large majority of cases of “ primary atypical pneu- 
monia ” is, however, obscure, though many claims to have 
recovered a virus have been published. Viruses, of the 
“ LGV ” group are amongst the largest known ; they stain, 
as do rickettsiae, with carbol-fuchsin by Machiavello’s method 
and with Castaneda and Giemsa stains. They have a definite 
intracellular life-cycle, including large and small forms and 
morulae, as was fet shown for psittacosis virus by Bedson 
& Bland (1934), but, unlike rickettsiae, they are at all stages 
rounded in shape. Like rickettsiae, the living virus-bodies 
injected in sufficient concentration kill mice by a quick toxin- 
like effect. All members of this group seem to be inter- 
related antigenically, as can be shown by cross-reactions in 
the complement-fixation test (Rake, Eaton & Shaffer, 1941). 
They can, however, be differentiated serologically when t^ts 
are made of the power of sera to neutralize the “ toxin ” 
(Rake & Jones, 1944). They differ from rickettsiae and ‘fom 
smaller viruses in that infections by many of the group can 
be favourably influenced by sulphonamides. They are not 
known to be insect-transmitted; but the agent of heart- 
water, which affects cattle in Africa, probably belongs to the 
group and is tick-transmitted ; it has until lately been con- 
sidered as a rickettsia. 

Above these two groups stand the bacteria, whose proper- 
ties need not be described except to point out that some of 
them are insect-transmitted, and some have not been grown 
in viiro on cell-free media. Below them are the other viruses, 
smaller in size, all obligate intracellular parasites, some of 
them insect-transmitted, of varying morphology, not so 
easily stained, not yet known to be susceptible to chemo- 
therapy, many of them forming inclusion bodies within 
nucleus or cytoplasm, the smallest of them of relatively simple 
chemical composition. Viruses thus form a heterogeneous 
group and boundaries are nowhere easy to draw. But the 
writer finds it hard to agree with Rake that the “ LGV- 
psittacosis ” group should be excluded from the true viruses ; 
it would seem more reasonable to include them and even the 
rickettsiae within the fold, though the latter are commonly 
considered as a group apart. 

Chemotherapy of ^^rus Infections 

It has been argued that the virus is a degraded bacterium, 
at its lowest reduced to naked nucleoprotein borrowing 


enzymes for its metaboh'sm from the cell it parasitizes 
(Laidlaw, 1938). If so, chemotherapy has a hard task to 
find a drug which will penetrate the living cell and there stop 
the activity of the intruder without at the same time damaging 
the life-processes of the host-cell. Nevertheless something 
can be achieved in this direction. The intracellular rickettsiae 
of typhus can be attacked with success in laboratory experi- 
ments, though no drug of clinical value has yet emerged. 
Activity has been described in such varied substances as 
sulphones (Andrewes, King, van den Ende & Walker, 1944), 
toluidin blue (Peterson, 1944) and penicillin (Moragues, 
Pinkerton & Greiff, 1944). The toluidin blue apparently 
has a direct action on the rickettsiae, while the sulphones 
have not. In the LGV-psittacosis group, lymphogranuloma 
venereum itself is favourably infleenced by various sulphon- 
amides (MacCallum & Findlay, 1938) ; so, too, are trachoma, 
inclusion-conjunctivitis, pneumonitis of mice and heart-water 
of cattle. Psittacosis, ornithosis and pneumonitis of cats 
are apparently unaffected (Rake & Hamre, 1 944). At present 
only a few strains of each virus have been tested, and it 
remains to be seen whether within one sort of virus there may 
be differences in susceptibility, such as may be seen within 
the group of streptococci. It is not certain, for instance, that 
psittacosis is always resistant. A number of claims to have 
found chemotherapeutic remedies for other virus diseases have 
not been confirmed when adequate tests have been made, 
and we must admit that, at present, we are in sore need of 
something to indicate promising new lines of attack. The 
need is the greater as serotherapy has almost nothing to its 
credit in the field of virus diseases. Sero-prophylaxis, as 
used to abort or attenuate measles, is, of course, of established 
value. 

Transmission and Epidemiology 

Influenza: Aerial transmission of virus infections is now 
thought to be brought about not only through the agency of 
droplets as ordinarily conceived, but even more by droplet- 
nuclei in the sense of Wells & Wells (1936). The droplets 
ejected during sneezing and loud talking are thought to evapo- 
rate, before they can reach the ground, to particles of the order 
of size of !0 :jl or less, too small to be rapidly acted upon by 
gravity and, therefore, capable of remaining suspended in 
the air for many hours. Such minute particles in the form 
of artificial virus mists have been shown to be capable of 
infecting ferrets and mice with influenza ; further, Andrewes 
& Glover (1941) adduced evidence that droplet-nuclei were 
probably concerned in the natural transmission of influenza 
infection from one ferret to another when the animals were 
placed in cages several feet apart. Much work is being done 
on methods of killing organisms in the air by means of ultra- 
violet radiation or chemical aerosols. These methods are 
most effective against droplet-nuclei, much less so against dust- 
borne particles ; so it is important to know just how viruses 
arc carried. Promising results have been reported in the 
control of measles and chicken-pox by the use of ultra-violet 
radiation in schools and institutions (Wells, Wells & Wilder, 
1942; Barenberg, Greene, Greenspan & Greenberg, 1942), 
and of respiratory infections in a children’s convalescent 
home by propylene glycol mists (Harris & Stokes, 1942). 
If such results are confirmed, their success will itself be 
evidence as to the route of transmission of these diseases. 
Haemolytic streptococcal infections seem to be carried 
especially by dust, and methods of air disinfection, apart 
from dust-control, are not so likely to be effective in such 
circumstances. Influenza virus can survive on dust (Edward, 
1941) but we do not yet know whether this is of practical 
importance. 

Two influenza viruses are known, A and B, and these arc 
antigenically unrelated to each other. Within each rirus- 
species are strains differing antigenically from each other in 
minor degrees. How far such minor differences affect the 
epidemiological picture we do not know. Outbreaks of 
A- and B-influenza occur at times together, but more often 
separately. B is not known to have caused a m.ajor outbreak 
in Britain ; epidemics, since 1933, when the rirus "as dis- 
covered (Smith, Andrewes & Laidlaw. 1933), have all been 
due to A. In this counto’ they have tended to occur cveo' 
other year with the bigger epidemics only every fourth year; 
the sequence has become a little “ out of step ’ since 1940. 
In North America and .Argentina abo a biennial outbreak has 
been the general rule. Laboratory workers have usua’:.- 
failed to obtain any evidence at all of the activity of A-virt’S 


in the 21 months or so between each period of activity, and 
it. is of much importance for us to learn where it lies hidden 
in these periods. Shope (1941) has shown that, in the case of 
the closely related s\vine influenza, the virus may persist from 
year to year in the swine lung-worm. This has as its inter- 
mediate host the earthworm, and pigs at the beginning of 
a swine-influenza season may acquire infection by eating 
earthworms which carry lung-worms, these in turn bearing 
the virus infection. The story is rather more complex than 
there is space to describe now. A closely similar explanation 
is not readily conceivable in the case of the human disease, 
but we should be prepared for something bizarre to turn up. 
It has been suggested (Andrewes, 1942b) that between epi- 
demics influenza virus may exist in human carriers, or as 
a cause of sporadic respiratory disease, but in a simpler 
“ basic ” form not recognizable by our present methods. 
Only at epidemic times would such a virus acquire, along with 
ability to spread in man, a pathogenicity for animals and 
ability to form in any quantity certain characteristic antigens. 
We have yet to explain, either along such lines, or by postu- 
lating yet undiscovered viruses C, D, E . . ., the frequent 
occurrence during A or B outbreaks, or separately, of many 
clinically similar cases, from which no virus can be recovered. 

Poliomyelitis: The virus of infantile paralysis has been 
shown lately to be recoverable more easily from the faeces of 
patients than from nasopharyngeal washings (see Paul, 1941) ; 
it has also been found in sewage and on flies caught in the 
wild state (Trask, Paul & Melnick, 1943). The first portal of 
entry is doubtless the mouth and nose, but whether, there- 
from, the virus commonly enters through the intestinal tract 
is still in dispute. It has been sho^vn that poliomyelitis 
occurring in recently tonsillectomized children is more apt 
than ordinarily to be of the bulbar type (Aycock, 1942). 
Much interest has been aroused by the discovery of a bio- 
logically related virus (Theiler & Card, 1940) which is present 
in the intestines and faeces of many normal laboratory mice. 
This only very exceptionally gives rise to spontaneous paraly- 
sis in mice which carry it, though it will readily do so on intra- 
cerebral inoculation. All these findings have caused us to 
re-orient our views as to the epidemiology and hygienic 
control of poliomyelitis. 

Encephalitis: In the U.S.A., South America, Russia, and 
Japan, a number of forms of encephalitis have been recog- 
nized during the last decade,' aU transmitted by mosquitoes 
or ticks, and perhaps other arthropods. They are St. Louis 
encephalitis, Eastern, Western and Venezuelan equine 
encephalomyelitis, Japanese B encephalitis, Russian spring- 
summer encephalitis. Those named equine encephalo- 
myelitis were so-called because of the losses they caused in 
horses, but they were later found to be causing disease in man, 
and also in birds. All the viruses concerned are of small size 
and readily transmitted to mice ; there are antigenic relations 
between some of them, for example the St. Louis and 
Japanese B viruses (Casals, 1944). Insect-borne encephalitis 
in man has not been recognized in Britain, but should be 
watched for. Louping ill, which affects sheep in the hills 
along the Scottish border, is closely related to the Russian 
spring-summer encephalitis virus (Casals & Webster, 1944), 
and is known to be potentially pathogenic for man. 

Vaccines 

Few or no new principles have been established recently 
in the field of virus-vaccine prophylaxis. Living attenuated 
viruses are acknowledged to give the most durable immunity, 
but their uses for the control of human disease are few at the 
present time. 

Vaccinia : The post-vaccinal encephalitis, which has been 
so troublesome, especially in the case of vaccination against 
smallpox, has been occurring much less frequently than a few 
years ago. We do not know why ; its cause is still unsettled. 

Yellow fever: The jaundice which followed vaccination 
against yellow fever with living attenuated virus in thousands 
of soldiers, especially in North America, has been a much 
more serious matter. Fortunately we do now know how to 
avoid that particular complication. An icterogenic agent 
was introduced in the human serum used for making or pre- 
serving the yellow-fever vaccine ; the jaundice can be avoided 
by avoiding,* as is readily possible, the use of serum in pre- 
paring the vaccine. This jaundice is but one example of 
“ homologous serum jaundice,” a disease most probably due 


to a virus present in some apparently normal human sera 
It has occurred following the injection of mumps or measles 
convalescent serum, or after transfusions. Its identity or 
otherwise \vith the common infectious hepatitis is much dis- 
puted ; the infection has been transmitted to human volun- 
teers, but not to any other aiiimal species. MacCallum 
(1944)* has summarized the transmission experiments carried 
out up to the present. 

Rabies: Webster (1939) has introduced improved methods 
for making and testing the inactivated vaccines used for 
immunizing dogs. He has also had the temerity (1942) to 
throw doubts on the efficacy of the time-honoured Pasteurian 
method of protecting by vaccination a person who has been 
bitten by a rabid dog ; its reputation may, it is suggested, be 
due to the fact that only a small proportion of bitten persons 
would develop rabies in any case. With such a terrible 
disease, deliberate controlled experiments on man are hardly 
conceivable and one must seek for indirect evidence. If 
vaccination is as effective as has generally been believed, it is 
hard to explain why the time elapsing between the bite and 
the beginning of treatment seems not to affect the result. It 
would seem advisable to keep an open mind in this matter. 

Measles has long baffled research workers because rhesus 
and other monkeys have been the only susceptible species 
and even they do not “ take ” regularly, perhaps because of 
some chance exposure of some shipments to infection. 
Several claims to have grown the virus on developing eggs 
have been made, and those of Rake & Shaffer (1940) seem to 
be well established. We may, therefore, at last have hopes 
of progress. After propagation through many generations 
on chorio-allantoic membranes of eggs, virus has successfully 
infected both rhesus monkeys and children. Further, the virus 
has apparently become attenuated so that it has been given 
to children as a living vaccine by atomizer into a sponge-bag 
face-mask (Stokes, O'Neil, Shaffer, Rake & Maris, 1943). 
Modified measles is thus produced in a majority of exposed 
children, but the reactions are admitted to be by no means 
negligible. Such children, subsequently exposed to natural 
measles, are said to have been substantially but by no means 
entirely protected. This work is in its early stages and will 
be followed with interest. 


Influenza: We have long known (Smith, Andrewes & 
Laidlaw, 1935) that injection of formolized inactive influenza 
vaccines will immunize mice and ferrets against influenza, 
and produce an increase in specific antibodies in man. It has 
been another matter tp prove their efficacy in protecting 
human beings against infection. One difficulty has been that 
the duration of increased resistance in man is almost certainly 
short, so that vaccination, to be effective, must be given shortly 
before an outbreak ; and outbreaks have commonly failed to 
materialize at expected times. Further, clinical influenza 
comprises not only infections with the two known, and sero- 
logically distinct, viruses A and B, but other conditions of 
unknown cause giving rise to a similar clinical picture ; this 
makes the evaluation of results a matter of much difficulty. 
Formolized vaccines have been made recently from embryonic 
fluids from infected eggs ; a high titre of virus can be obtained 
in this way. 

Trials made in the U.S.A. in 1941 gave conflicting results, 
which indicated at the best an apparent halving of incidence 
in the vaccinated (Horsfall, Lennette, Rickard & Hirst, 1941). 
In 1943, tests of vaccine gave decidedly better results (Conr- 
mission on Influenza, U.S. Army, 1944) ; they were carried out 
in widely separated areas of the U.S.A., use being made o 
chick-embryo vaccine concentrated tenfold by adsorption ori 
to chick erythrocytes and elution into a smaller volume o 
fluid (Francis & Salk, 1942). A reduction of between 3- and 
4-fold in incidence was achieved. It may be that the use o 
better and more concentrated vaccine produced this en- 
couraging result, but one suspects that a fortunate c ance 
played a larger part : an epidemic of influenza A occurred m 
most of the vaccinated communities two or three weeks alter 
the vaccinations, that is, at the time when protection should oe 
maximal. Profitable future use of a vaccine may depeno 
upon keeping an epidemiological watch on the doin^ 
influenza viruses A and B, so that vaccine , 

the optimum time and then only. It will certainly be useless 
to give vaccine to patients who “ have influenza every y > 

* [see also article by MacCallum and review of relevant papers, 
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their infections are most unlikely to be due to either virus. due to influenza A or B, to a mutant deriving from either of 

As to pandemic influenza, such as swept the world in 1918-19, them, or to an unrelated virus ; nor whether vaccines will be 

nothing but the future can tell us whether such a visitation is of any avail against so virulent a scourge. 
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MODERN LABORATORY METHODS IN THE CONTROL OF TYPHOID 

AND PARATYPHOID-B FEVER 


A. FELIX, D.Sc., F.R.S. 
Emergency Public Health Laboratory Service 


Two recently introduced laboratory methods have proved to 
be of great service to the epiderhiologist who is called on to 
investigate outbreaks of enteric fever : (i) typing of typhoid 
and paratyphoid-B bacilli by means of Vi bacteriophage, 
and (ii) Vi-agglutination tests as an aid to the defection of 
chronic typhoid and paratyphoid-B carriers. 

Tj’ping of Typhoid Bacilli by the Vi Bacteriophage 
Craigie & Yen (1938a, 1938b) made the important dis- 
covery that strains of the typhoid bacillus can be dirided 
into a number of well-defined types according to their sensi- 
tiveness to type-specific anti-Vi bacteriophages. Until then 
the tj-phoid bacillus had been regarded as a single species 
without \arietal subdivision; It was known from the work 
of Hadley (1925-26), Bumet (1927, 1929) and Levine & Frisch 


(1934) that the action of bacteriophages on the vario^ 
Salmonella species is closely related to the presence of certain 
heat-stable “ O ” antigens in the bacterial cell. 

As soon as the special importance of the so-called “ Vi ” 
antigen of the typhoid bacillus was recognized (Felix & Pitt, 
1934) a number of investigators, working independently of 
each other in different countries, established the existence of 
bacteriophages that were specific for the Vi form of the 
typhoid bacillus (Sertic & Boulgakov, 1936; Scholtcns, 
1936 ; Craigie & Brandon, 1936). These phages attacked 
typhoid strains irrespecti\'e of their origin, provided that the 
cultures contained an adequate quantity of the Vi^ antigeru 

The great adsance due to the work of Craipe & Yen 
(1938a) was based on their observation of a speaal adapta- 
bility possessed by one particular anti- Vi phage. When this 


phage was propagated on typhoid strains isolated from 
different outbreaks, preparations of bacteriophage were 
obtained which had developed a high degree of specificity 
for the particular strain on which they were grown. Strains 
that were related epidemiologically were invariably found to 
respond in an identical manner to the different phage pre- 
parations, and on this basis Crajgie & Yen (1938b) identified 
a number of distinct Vi-phage types of Bact. typhosum. 
A .small proportion of Vi cultures cannot be typed in this 
way, for reasons that are not yet understood. Such cultures 
are referred to as “ imperfect ” Vi forms. 

The phage type of a strain is for all practical purposes 
a permanent character, and typing of the typhoid bacillus by 
this means gives results as reliable as those obtained in 
streptococcal or pneumococcal infections by the use of sero- 
logical tests. It is thus possible to prove or disprove the 
connection between cases of typhoid fever occurring sporadi- 
cally or during an outbreak, and between a carrier and 
the patients for whose infection the former is being held 
responsible. 

It may be stated in passing that the Vi antigen of typhoid 
strains belonging to different phage types cannot be differen- 
tiated by any of the customary serological methods, including 
cross-agglutination and cross-absorption tests, and phago- 
cytosis and passive-protection tests in mice (Felix & Pitt, 
unpublished results). It appears, therefore, safe to continue 
employing a single Vi -b O strain of the typhoid bacillus for 
making typhoid vaccine or therapeutic anti-typhoid serum. 

1 

Practical Value of the Typing Method 
The observations of Craigie and Yen on the epidemiological 
significance of Vi-phage types of typhoid bacilli have been 
amply corroborated. So far reports have been published 
from Canada (Brandon, 1940; Desranleau, 1942; Crossley, 
1942), China (Yen, 1939), the United States of America 
(Lazarus, 1941 ; Coleman, 1942a), Great Britain (Felix, 
1943 ; Bradley, 1943) and the Middle East (Boyd, 1943). 
The authors all agree that the bacteriophage test is a reliable 
guide to the epidemiological investigation of outbreaks or 
sporadic cases of typhoid fever. 

In Britain the new method has been employed extensively 
since 1940. The Emergency Public Health Laboratory 
Service established a reference laboratory to which cultures 
of Bact. typhosum isolated in public health or clinical labora- 
3ries in any part of Britain have been submitted for typing 
y the bacteriophage technique. The application of the 
;st has on many occasions proved to be of the greatest value 
3 those concerned with the field investigations. In fact, 
[le information derived from the typing of strains at a central 
eference laboratory often provided the only link between 
number of widely scattered cases, and thus led to the 
etection of the responsible chronic carrier. The fascinating 
tory of one of these investigations has been published by 
Iradley (1943). In this instance 23 apparently sporadic cases 
ccurring in four counties and ten administrative districts, 
uring the course of two years, were traced to a persistent 
carrier on a farm 100 miles away. Other striking examples 
of the value of the new typing method were encountered in 
localities varying from small rural districts to the metro- 
politan boroughs of London. These experiences led to the 
conclusion that phage typing is an indispensable aid to suc- 
cessful epidemiological field-work (Felix, 1 943). 

The standard phage preparations and standard type- 
cultures originally recommended by Craigie represented 
18 Vi-types and subtypes. Subsequently a revised and 
simplified typing scheme was suggested by Craigie (1942), 
but his investigations regarding the required phage prepara- 
tions have not yet been completed. Four additional Vi-phage 
types were identified in Britain (Felix, 1943) ; three of these 
are indigenous and the fourth may have been introduced 
from abroad. It is obvious that workers in different countries 
who are employing the bacteriophage typing method should 
maintain close contact and exchange cultures and ■ phage 
preparations before types or subtypes are accepted as new 
and added to the original scheme of Craigie and Yen. 

The following example illustrates the value of this kind of 
co-operation. In a small outbreak of typhoid fever in 
Britain, the cultures isolated from all the cases and from the 
responsible carrier were found to belong to a hitherto un- 
known Vi-phage type of the typhoid bacillus. The strain 
was provisionally labelled Type T. It was subsequently 


learnt that the carrier had acquired the infection during the 
war in South Africa more than forty years ago, and it appeared 
probable that the strain was indigenous to South Africa. 
Cultures of this strain and the corresponding specific Vi-type 
phage were sent to Professor A. Pijper of the University of 
Pretoria ; and Miss C. G. Crocker, who has had considerable 
experience of the phage-typing technique, soon reported that 
typhoid strains isolated early in 1944 from two patients in 
the Johannesburg district and from a patient in the Pretoria 
General Hospital belonged to Type T. 

Typing of Paratyphoid-B Bacilli with the Vi Bacteriophage 

In many countries, including Britain, paratyphoid-B fever 
is more prevalent than typhoid fever. It appeared, therefore, 
highly desirable to investigate the possibility of applying 
Vi-bacteriophage action to the examination of paratyphoid-B 
cases and carriers. 

The presence in cultures of Bact. paratyphosiim B of an 
antigen resembling the typhoid Vi antigen was described 
some years ago (Felix & Pitt, 1936), but most workers paid 
little attention to this finding. Later experiments carried out 
by Felix and Pitt before the war (but not yet published) 
strongly indicated that paratyphoid-B bacilli possess a heat- 
labile somatic antigen that is essentially similar to the 
typhoid Vi antigen, though differing from it in certain 
respects. This fact provided the theoretical basis of the 
investigations carried out in the Emergency Public Health 
Laboratory Service during 1941-43, which led to the recog- 
nition of anti-O and anti- Vi bacteriophages .acting on Bact. 
paratyphosum B, and thus made it possible to apply the 
bacteriophage technique to the typing of paratyphoid-B 
bacilli (Felix & Callow, 1943). 

Anti-0 phages are very common and are readily grown 
from faeces, but they are non-specific. These phages attack 
not only paratyphoid-B bacilli but also many other Salmonella 
species which share the same O-antigenic components. On 
the other hand, the specific anti-Vi phages are rarely found in 
faeces, but they can be isolated from “ lysogenic ” rough 
variants or from phage-contaminated smooth cultures of the 
paratyphoid-B bacillus. Anti-Vi phages can be induced to 
develop a high degree of specificity for particular para- 
typhoid-B strains, whereas anti-0 phages are incapable of 
such adaptation. By the use of four different preparations 
of adapted BVi phage, Felix and Callow evolved a typing 
scheme of paratyphoid-B bacilli which is almost identical 
with that which was first devised by Craigie and Yen for the 
typing of typhoid bacilli. 

Only a small number (7 %) of 714 strains isolated in all 
parts of Britain could not be typed by the four Vi-type phages 
originally used by Felix and Callow. In this respect the 
results with paratyphoid-B cultures were even more satis- 
factory than with typhoid cultures, for, in a series of 432 ty- 
phoid Vi strains, 15-9 % were untypable with the 22 different 
Vi-phages employed. The number of known Vi-types and 
subtypes of the paratyphoid-B bacillus indigenous to Britain 
is now 5. It is, however, becoming apparent that hitherto 
unknown phage types are being introduced from abroad. 

The epidemiological significance of paratyphoid-B Vi-phage 
types is the same as that of typhoid Vi-phage types. The 
first field inquiry, based on the results of the phage typing, 
into an outbreak of paratyphoid-B fever in a mixed urban 
and rural area was conducted during 1941 by the Ministry 
of Health in co-operation with the Emergency Pubh'c Health 
Laboratory Service, and clearly showed that there was 
complete harmony betw'een the laboratory and the field 
findings (Hutchinson, 1943). A remarkable performance 
of the typing method was recently described by King (1944). 
It is the story of a symptomless carrier of paratyphoid-B 
bacilli of Type 3a, who had disappeared during an outbreak 
in 1941 but was re-discovered among the employees of a 
factory two years later when the sewage effluent was being 
examined for the presence of typhoid bacilli. 

Detection of Chronic Typhoid and Paratyphoid-B Carriers 
with the aid of Vi-Agglutination Tests 

i. Chronic typhoid carriers : The detection of a chronic 
carrier is usually a difficult task, though the methods of 
isolating typhoid and paratyphoid bacilli have been greatly 
improved through the introduction of refined culture media. 
The main difficulty is due to the fact that excretion is fre- 
quently intermittent, so that repeated examination of -he 
excreta over a long period of time may be necessary. 
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Most workers now employ the test for tire presence of 
t)'phoid Vi agglutinins as a preliminary screen for a suspected 
carrier. Since the test was first suggested by Felix, Krikorian 
& Reitler (1935) it has been used extensively in Britain (Felix, 
1938a), South Africa (Pijper & Crocker, 1937a ; 1937b'; 
1943), the United States of America (Eliot, 1940 ; Eliot & 
Cameron, 1941 ; Coleman, 1942b ; Klein, 1943 ; Schlesinger, 
1943), Italy (Giovanardi, 1936 ; 1937) and India (Bhatnagar, 
1938 ; Bensted, 1940). These authors all agree on the use- 
fulness of the test. Less favourable results were reported 
from the Sudan (Horgan & Drysdale, 1940) and Southern 
Rhodesia (Davis, 1940 ; Radovsky, 1942). 

The practical value of the Vi-agglutination test is greatly 
enhanced by the fact that the reaction is independent of the 
intermittency in the excretion of bacilli. A few examples 
published recently may be quoted here. Schlesinger (1943) 
recorded the case of a woman from whom no fewer than 
18 faecal specimens were negative, but continued search was 
encouraged by the presence of Vi agglutinins, and typhoid 
bacilli were isolated from bile and faeces after the injection 
of magnesium sulphate through a duodenal tube. Pijper & 
Crocker (1943) gave the history of a positive Vi-reactor in 
whose faeces typhoid bacilli were never demonstrated, though 
they were constantly present in discharges from a biUary 
fistula. Fry (1944) examined specimens of faeces from an 
intermittent excretor at weekly intervals over a period of 
16 months. The specimens were examined on Wilson-Blair 
plates, and by subcultures on to Wilson-Blair medium after 
enrichment in both Muller’s and Kauffmann’s tetrathionate 
broth. Yet, of 80 specimens, only 22 were positive for 
Bact. typhosum. The longest negative interval was 9 suc- 
cessive weeks ; if no enrichment media had been used, the 
longest negative interval would have been 27 weeks. Four 
tests for Vi agglutination which were carried out during this 
period gave the same result on each occasion, namely, a 
positive reaction at I in 20. At the post-mortem examination 
Bact. typhosum was isolated from the contents of the 
duodenum. 

The technique of the Vi-agglutination test has been much 
simplified since preserved suspensions were adopted instead 
of living cultures (Felix, 1938b), and especially since the 
introduction of Bhatnagar’s strain 'Vi I, which is a pure reagent 
for the demonstration of typhoid Vi agglutinins (Bhatnagar, 
Speechly & Singh, 1938). lii Britain a standard agglutinable 
TVi suspension and a standard agglutinating TVi serum 
are available through the Standards Laboratory {Medical 
Research Council), Oxford, and are strongly recommended for 
general use. 

The frequency of a positive Vi reaction in chronic typhoid 
carriers is remarkably high. From my experience over a 
period of nearly ten years it would appear that not more 
than 5 % to 10 % of true chronic carriers will give a negative 
Vi reaction. When the carrier condition has lasted for. a 
very long time, for example, periods of 30 or 40 or more years. 
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the power of producing Vi antibody often tends to be 
exhausted. 

The Vi test can also be used for the detection among 
recovered typhoid patients of those who are likely to become 
chronic carriers. The customary three negative examinations 
of the excreta are no guarantee that potential chronic carriers 
are not discharged from hospital. Such carriers can be 
detected by two tests for Vi agglutination, the first carried 
out on the eve of discharge from hospital, the second after 
an interval of about sbe weeks. A steady or rising Vi-titre 
will arouse suspicion as to a possible chronic carrier con- 
dition, a decreasing Vi-titre or a negative Vi reaction ■wiU 
indicate freedom from infection. The follow-up of recovered 
patients in this way seems to make it possible in time to 
eradicate typhoid fever completely. 

ii. Chronic paratyphoid-B carriers : It is generally believed 
that the Vi-agglutination test is applicable only to typhoid and 
not to paratyphoid carriers. Unpublished investigations 
carried out by the writer in the Emergency Public Health 
Laboratory Service during the present war have shown that 
the method can be applied successfully to the examination 
of paratyphoid-B carriers as well. The Vi test, however, is 
more complicated in paratyphoid-B than in typhoid, since 
a “ pure ” Vi variant of Bact. paratyphosum B, comparable 
to Bhatnagar’s typhoid strain Vi I, has not yet been isolated. 
When a serum is tested for' Vi antibody to paratyphoid-B 
bacilli, its 0-antibody content must, therefore, first be com- 
pletely removed by absorption with a pure O culture. Most 
of the chronic paratyphoid-B carriers that have been examined 
so far gave a positive BVi reaction, but the frequency of a 
positive reaction in paratyphoid B is not as high as that of 
a positive TVi reaction in typhoid carriers. 

The proportion of mild and symptomless cases is very much 
greater in paratyphoid B than in typhoid fever, and one of the 
difficulties that often arises in the course of an epidemio- 
logical investigation is the question whether a person who 
has been found excreting paratyphoid-B bacilli is a true 
chronic carrier or a temporary excretor following a mUd or 
symptomless infection. The former may be the original 
source of the outbreak, whereas the latter is merely one of its 
victims, though he, or she, may have been responsible for 
the spread of the infection. In all the recent outbreaks of 
paratyphoid-B fever in Britain, the persons identified as 
responsible for the spread of infection were later proved to 
be temporary excretors. The true culprits, namely the 
chronic carriers, escaped detection. In the diagnosis of the 
true carrier the final verdict depends on the result of the 
bacteriological examination of the excreta, which must be 
continued for not less than a year, but useful information is 
often obtained much sooner from two or three examihations of 
the blood serum at intervals of about six weeks. A decreasing 
BVi titre will indicate temporary excretion, whereas a steady 
or rising titre will arouse the suspicion that the person has been 
or is likely to become a chronic carrier of the infection. 
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HOSPITAL INFECTION : A HISTORICAL REVIEW 
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Any congregation of people increases the chances for the 
spread of infection. Thus it is that towns, gaols, ships, 
barracks, schools, and even hospitals, have from time im- 
memorial been the breeding ground of epidemics, or as 
Greenwood (1935) has aptly called them, “crowd diseases”. 
That hospitals designed for healing the sick should, from 
their veiy nature, carry some added danger to those who 
require their healing aid has long worried the hospital ad- 
ministrator. As that greatest of hospital reformers, Florence 
Nightingale, has said, “ it may seem a strange principle to 
enunciate that the very first requirement in a hospital is that 
it should do the sick no harm ”. To-day the problem of 
hospital infection, although less serious and diflferent in kind 
from that experienced before the Listerian era, still remains 
imsolved and, in recent years, has stimulated much research 
directed towards its control and elimination. In the past 
century British workers have played a large part in unravelling 
the intricacies of this complex problem. 


Hospital Infection in the 19th Century 

Before Lister demonstrated the part that bacteria play in 
the production of wound-infection, the surgical wards of 
most hospitals were filled with patients whose wounds, 
whether accidental or intentional, almost always became 
septic, so that healing, when it occurred, was by granulation 
or scabbing. Unfortunately the sepsis spread beyond the 
local wound in many cases, and more generalized infections, 
such as erysipelas and cellulitis, pyaemia, septicaemia and 
hospital gangrene, were common complications of any wound. 
The first three of these generalized infections would be recog- 
nized to-day as streptococcal or staphylococcal in aetiology : 
the bacteriology of hospital gangrene — described by 
Cameron ^ (1907) as a progressive mortification of the 
tissues adjacent to the wound and apparently infectious — 
cannot be established, as it is doubtful whether anything 
comparable to it now exists. The result of the gross wound- 
sepsis was a high morbidity- and mortality-rate among surgical 
patients ; for example, practically all cases of compound 
fracture became infected and 25 % to 50 % of them died. 
Because the constitutional disturbance accompanying the 
wound infection affected the patient’s appetite, a light diet, 
low in calories, was always prescribed. This light hospital 
diet was continued as a routine long after the need for it 
ceased to exist, and only to-day is it being realized that 
“ hospital diet ” is quite inadequate for the needs of most 
patients. The wards themselves had constantly a character- 
istic sickly odour, and surgery was confined to a limited 
field — about one-fifth of the operations were amputations — 
largely because surgeons feared for the outcome of more 
venturesome interference. The surgical wards of most 
hospitals acquired an evil reputation, and as the results of 
operative procedures were so much better when carried out 
in private houses, many doctors preferred to bring the surgeon 
to the patient rather than the reverse. Even as late as 30 
years ago, I remember as a boy how in country districts the 
surgeon frequently came to operate, often under great 
difficulties, in a private house because of the countryman’s 
fear of going to the infirmary. No wonder that certain 
hospital authorities felt impeUed to destroy the hospitals and 
build anew. 

If surgical wards had the worst reputation they were not 
alone in fostering secondary infection. In a careful and 
penetrating analysis of mortality-rates in maternity hospitals, 
Florence Nightingale showed that many of these institutions 
had bad records of puerperal sepsis with “ blood-poisoning ” 
as a frequent complication, and with maternal mortality- 
rates as much as 7 times as high as those occurring in domi- 
ciliary practice. The effect of overcrowding, of large un- 
divided wards and poor ventilation, in encouraging outbreaks 


1 [Sir Hector Cameron was the pupil and personal friend of 
Lord Lister and in his small book On the evolution of wound treat- 
ment during the last forty years he traces the development of 
modem surgery from Lister’s antiseptic methods.] 


of puerperal sepsis in these institutions was recognized by 
her, and the infectiousness of the condition was admitted, 
although she was apparently unaware of the earlier researches 
of Semmelweis on the control of the manual transference of 
infection by hand-washing in “ chlorine-water ”. 

Earlier, Miss Nightingale, as a result of her unique ex- 
perience in the Crimean War, where, incidentally, 2 out of 
every 5 patients admitted to the large general hospital at 
Scutari died, had drawn attention in forceful language to 
the unsatisfactory design and management of hospitals, and 
had indicted agglomeration of a large number of sick under 
one roof, deficiency of space, deficiency of ventilation, and 
deficiency of light, as the principal factors predisposing to 
hospital infection and the unsatisfactory results of hospital 
treatment. In children’s hospitals, conditions were even 
worse. Throughout Europe, till late in the 19th century, 
mortality-rates in children’s hospitals were excessively high, 
and parents feared to send their children to these institutions, 
“ where they died not from the malady for which they entered 
the hospital, but from that which they contracted therein ”. 
Thus hospital infection played havoc among medical as well 
as surgical patients. No doubt also the great increase in 
urban populations associated with the industrial revolution 
in the 19th century helped to overcrowd hospitals that were 
very inadequately staffed arid equipped, and we know to-day 
these are among the most important factors contributing to 
cross-infection in hospital. 

One cannot close this grim chapter without paying a 
tribute to Florence Nightingale who in three slim volumes 
Notes on hospitals (1859), Notes on nursing (1860), and On 
lying-in institutions (1871) had shown how well she compre- 
hended the root causes of hospital infection, and had 
enunciated the principles of good hospital design and manage- 
ment, and what is even more important, of good nursing. 
It is particularly interesting at the present time to note that 
she was a strong advocate of damp-dusting and -sweeping 
for getting rid of dust, for as she said “ air can be soiled just 
like water”. 


Listerian Principles 

Pasteur’s demonstration of the bacterial origin of fermenta- 
tion was the stimulus which inspired Lister (see Godlee, 1917) 
to devise methods for preventing infection of wounds in his 
surgical wards. Believing that bacteria causing “ putre- 
faction,” or sepsis as we should now call it, came from a 
variety of sources outside the body (and at that time he 
naturally thought that any extraneous micro-organism was 
pyogenic). Lister introduced antiseptics to prevent access 
of these bacteria from hands, instruments, dust, air, etc., to 
open wounds — e.g. compound fractures, incised abscesses 
which in those days were mostly tuberculous, and intentional 
wounds. Carbolic acid had been used as a disinfectant for 
sewage,* and Lister employed it in a variety of forms : first 
as the crude undiluted fluid ; as a 1 : 20 solution of phenol 
crystals ; as a 1 : 5 solution in oil, made into a putty: as a 
mixture of phenol in shellac spread on calico ; and finally 
as an antiseptic gauze. 


Later, probably impressed by Tyndall’s (1881) work on the 
lollution of the atmosphere with particulate matter. Lister 
dvocated the use of the carbolic spray for preventing access 
if air-bome bacteria to the wound, but after some y^rs 
xperience of this method he became persuaded of its useless- 
less, since bacteria in the. atmosphere seemed to have lit e 
lathogenicity. Lister knew that carbolic acid \yas harmfu o 
issues, but its caustic action seemed a low price to pay or 
(reventing infection and saving many lives from the terrors 
(f septicajmia and hospital gangrene. It is perhaps apposi e 
0 remark here that proflavine, one of the most useful ot 
nodem antiseptics for the treatment of war wounds, is also 
. tissue poison. The important point to note m Lister s 
rork is that for the first time an effective barrier had been 
nmosed between infecting organism and susceptible tissue. 


1 [Lemaire’s use of carbolic add in France was not known to 
Lister until 1867.] 
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There were many contemporary critics of Lister’s anti- 
septic surgery', but the criticisms were mainly of the methods 
employed, and not of the principles which constituted the 
first premeditated step in tlie control of hospital infection. 
The dramatic results can best be recorded in Lister’s own 
words in 1867 : 

“ But since the antiseptic treatment has been brought into full 
operation, and wounds and abscesses no longer poison the at- 
mosphere with putrid exhalations, my wards, though in other 
respects imder precisely the same circumstances as before, have 
completely changed their character ; so that during the last nine 
months not a single instance of pyaemia, hospital gangrene, or 
ery'sipelas has occurred in them. 

“ As there appears to be no doubt regarding the cause of this 
change, the importance of the fact can hardly be exaggerated.” 

And in a letter to his father in the same year he remarked : 

“ I now perform an operation for the removal of a tumour, etc., 
with a totally different feeling from what I used to have ; in fact, 
surgery is becoming a different thing altogether.” 

From antiseptic surgery there gradually evolved the elaborate 
ritual of aseptic sxu-gery dependent mainly on sterilization 
by heat. While sufficiently adequate for the deliberate 
surgery of peace-time, the aseptic technique, as we shall see 
later, may tail in the face of the more exacting conditions of 
war. 

Cross-infection in Paediatric and Isolation Hospitals 
As the beneficial effects of antiseptic surgery gradually 
became accepted, those in charge of medical patients, and in 
particular of children’s hospitals, began to realize that there 
was an urgent need for medical as well as surgical antisepsis. 
The criticisms of Florence Nightingale had already done 
much to restrict overcrowding and improve ventilation, but 
mortality rates in children’s hospitals were still, in the latter 
half of last century, 20 % to 40 % of -all admissions. How- 
ever, the decade between 1880 and 1890 saw bacteriology 
estabUshed as a new science, the infectivity of many diseases 
was becoming accepted, and experiments were already being 
made on the mode of transference of the infectious agents. 
The first specific measures aimed at reducing cross-infection 
in medical wards were carried out by Grancher and Hutinel 
around 1890 (Grancher, 1888 ; Hutinel, 1894) in two 
clffidren’s hospitals in Paris. In these hospitals, patients 
with diphtheria, scarlet fever and measles were being nursed 
beside non-infective patients, and the case-mortality of, for 
example, measles ranged from 40% to 50%. Among the 
measures introduced by Hutinel at the Hospice des Enfants 
Assistes WMe: disinfection of linens thorough cleansing of 
wards every two weeks ; examination of all new admissions 
for sore throat, etc. ; strict isolation of cases of diphtheria 
and other infectious diseases ; subdivision of large wards 
into “ boxes ” for one or two beds where patients with 
bronchopneumonia, peritonitis, diarrhoea, syphilis, etc., could 
be isolated ; use of holland overalls by nurses and doctors ; 
and washing of hands with antiseptics. 

A little later the work of Flugge and his pupils (1897, 1899) 
showing that infective droplets expelled by tuberculous 
patients during coughing had a limited range of about 
3 feet [about 1 m.], and that guinea-pigs could be infected 
much more easily by direct exposure to a tuberculous patient 
than by inhalation of dried infected sputum, led to the 
doctrine of the spray or droplet spread of respiratory diseases 
\vith its implication of transference only by close contact, 
iiBtead of an aerial spread, for which Power (1880-81) from 
his studies on the epidemiology of smallpox had been such a 
strong advocate. Thus, instead of complete wooden barriers, 
Grancher later used screens around individual patients. 
Everything used by each patient was kept separate, and 
crockery, etc. was always boiled after use. As a result of 
this technique he claimed that secondary cases of measles 
were reduced by two-thirds, while those of scarlet fever and 
diphtheria were reduced from about 24 to nil per ann um. 
The system of cubicle-isolation with incomplete partitions 
was introduced into Britain in 1906 by Pugh, who found that 
only measles and chicken-pox among the specific fevers were 
resistant to this method of controlling hospital infection. 
Instead or visible barriers, such as partitions or screens. 
Crool^hank (1910) introduced a technique for nursing 
infectious patients by “ barrier ” for single patients and 
^d-isolation ” for all patients in the ward. Essentially 
this technique involved strict precautionary measures by 


trained nursing staff to prevent the spread, manually or by 
ward equipment, of infectious material from the isolated 
patient to his neighbours. The bed-isolation technique was 
put to the test in two small wards by Rundle & Burton 
(1912) who, over a period of 2 years, nursed 473 padents 
suffering from a variety of diseases (puerperal fever, erysipelas, 
pertussis, cliickenpox, rubella, doubtful scarlet fever and 
diphtheria, convalescent measles) with only two secondary 
cases of scarlet fever. Thus the success of the bed-isoladon 
technique supported Fliigge’s teaching and demonstrated 
the important part which the hands may play in the trans- 
ference of infection (see Harries, 1935). Meanwhile the 
advent of the 1914-18 war was to upset the complacency of 
surgeons who had come to believe that aseptic surgery was 
sufficient to control the spread of infection in surgical wards. 

Hospital Infection of Open Wounds 

Although in the 1914-18 war the incidence of obvious 
infection was, apart from gas gangrene, insignificant among 
wounded soldiers on admission to hospital, surgeons soon 
became depressed at the high proportion of wounds which 
subsequently became septic or were complicated by spreading 
cellulitis, osteomyelitis, pyaemia and septicaemia. It was 
almost akin to pre-Listerian days, and the aseptic technique 
seemed powerless to prevent this gross wound sepsis. 
Bacteriological examination showed that less than 20 % of 
the wounds yielded Strept. pyogenes or Staph, aureus on 
arrival at the casualty clearing station or base hospital, 
whereas some 80 % to 90 % were infected with the strepto- 
coccus 2 weeks after admission to hospital (Stokes & Tytler, 
1918 ; Fleming & Porteous, 1919). The trouble was, of 
course, that war wounds could not be closed by primary 
suture, and there was therefore a great agglomeration of 
patients with open wounds, susceptible to infection and 
frequently exposed to the risk during the daily dressing. 
The obviously infected cases with purulent discharge or 
persistent sinuses remained for weeks or months in the wards 
and constituted a heavy load of infection from which newly- 
admitted patients could scarcely avoid becoming in turn 
infected. 

There was a renewal of interest in antiseptic surgery and a 
great stimulus to the production of new antiseptics. Out- 
standing among these were : the aminoacridine compounds 
or “ flavines ” introduced for this purpose by Browning and 
his colleagues (see Browning, 1943) which had the advantage 
over older antiseptics of having little toxicity for tissues and 
being unaffected by mixture with serum ; and the hypo- 
chlorites, e.g. eusol (Smith, Dreiman, Rettie & Campbell, 
1915 ; Smith, Ritchie & Rettie, 1917), with their cleansing 
effect on discharging surfaces, although they rapidly became 
inert and had to be frequently renewed, as in the Carrel- 
Dakin method of irrigation. If these new antiseptics had 
considerable advantages over Lister’s carbolic acid, the 
Listerian principle of preventing access of pathogeru'e bacteria 
to the wound was often forgotten, and antiseptics were 
usually applied after sepsis had already declared itself clinic- 
ally. Pus interferes with the action of most antiseptics, and 
the views of surgeons about the efficacy of local antisepsis 
were by no means unanimously favourable. With the 
return of peace-time surgery, the need for antiseptic 
dressings was greatly reduced, and although eusol and the 
flavines still enjoyed a certain popularity the stimulus of 
necessity for the discovery of new and better antiseptics 
was lacking.^ 

Although surgeons had gone back with a sigh of relief 
to aseptic surgery, those responsible for the treatment of 
patients with bums or with disease of the ear, nose and throat 
could not fail to be impressed by the frequency of infecUon 
among such patients. For example, pyrexia commencing on 
the second or third day and continuing for a week was a 
common feature in bums of the second or third degree, while 
“ clean ” operations, e.g. for cleft palate in oiorhinological 
wards, frequently failed to achieve ffie desired result because 
of secondary’ infection. 

An investigation of the bacteriology of bums (Cruickshank, 
1935) showed that while 11 % of newly-admitted padents 


* fThe status and reladve merits of local antiseptics at the 
beginning of the present war has been well summarized by Garrod 
in the Lancet's " War primer on vroand infection" (1940). S« 
also BMB 48, a review (1943) of recent advances in the an’osep’ac 
treatment of wounds, by the same author.] 
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yielded scanty haemolytic streptococci from the burnt surface, 
within 3 to 6 days 66 % were gi'ossly infected with the haemo- 
lytic streptococcus, while 2 out of every 100 patients developed 
scarlet fever, and sore throats and septic fingers were unduly 
prevalent among the nursing staff. Haemolytic streptococci 
were foimd in considerable numbers in the air and dust of 
the bums wards, but rarely in general surgical wards arid not 
at all in medical wards. In the previous year Griffith (1934) 
had, after much painstaking research, published his classical 
work on the serological division into a large number of types 
of the haemolytic streptococci responsible for human in- 
fections. The application of his technique to the burns 
streptococci showed that one particular type of streptococcus 
was present in a number of infected bums in the same ward. 
This was the first piece of circumstantial evidence indicating 
that spread of the haemolytic streptococcus from infected 
to uninfected wounds was occurring, and that infected dust 
was a possible mode of transference of the organism. In 
1936, Okell & Elliott reported 14 outbreaks of streptococcal 
cross-infection during 3i years in 4 small otorhinological 
wards, the secondary infection varying from pharyngitis, 
otitis, mastoiditis, adenitis, to erysipelas, scarlet fever, 
bronchopneumonia and septicaemia. The adoption of a 
modified bed-isolation technique carried out with care and 
intelligence by an instructed nursing and medical staff 
considerably reduced the incidence of cross-infection in 
their wards. 

In the present war, the occurrence of secondary hospital 
infection of open wounds has been amply confirmed by 
Miles and his colleagues (1940), using repeated swabbings 
and serological typing of the streptococcus as detective 
devices. The conditions of war make it very difficult to 
avoid infection of wounds, and, despite the introduction of 
a “ no-touch technique,” and the prophylactic use of sul- 
phonamides, both locally and by mouth, war-wound sepsis 
is still a great menace. Antiseptics have come into fashion 
again, and each new preparation is hailed as the answer to 
the surgeon’s prayer. Among antiseptics that have proved 
their worth in controlling wound sepsis in recent years are 
1 % proflavine powder (Mitchell & Buttle, 1942); a sulpha- 
thiazole-proflavine powder in the proportion of 99 : 1 and a 
total dosage of 10-15 g. (McIntosh & Selbie, 1944) ; propa- 
midine ^ ; and, of course, penicillin in solution, powder or 
cream.® However, it must not be forgotten that radical 
surgery with thorough excision of any lacerated wound or 
necrotic tissue is a prime necessity in dealing with war 
wounds, while sufficient emphasis is still not given to the 
Listerian principle of prophylactic antisepsis. 


Air-Bome Infection® 

Although Fliigge’s doctrine that most respiratory diseases 
are conveyed by spray or droplet, requiring close contact 
between infected and susceptible persons, has long been 
generally accepted by clinicians, the possibility of the trans- 
mission of infection by air is no new conception. Apart 
from theories about miasma, it is nearly half a century since 
Washboum & Eyre (1902) showed that living pneumococci 
could be isolated from the dust of ward and laboratory, and 
about the same time German workers carried out a large 
series of tests demonstrating the prolonged viability of 
naturally dried pathogens, such as the diphtheria and tubercle 
bacilli, the streptococcus and staphylococcus. However, 
despite the evidence (see Thomson, 1916) that the infecting 
agents of chickenpox and measles could be carried con- 
siderable distances, it is only in recent years that the 
importance of “ air-bome ” infection has again come into 
prominence. 

Droplet-nuclei. Renewed interest in the possibility of an 
aerial spread of infection was stimulated by the work in 
America of Wells and his associates (see Wells & Wells, 1936), 
who showed that droplets expelled during talking, coughing 
and sneezing do not all fall to the ground within a few feet of 
the individual, but that instead, droplets of less than 0- 1 mm. 
diameter, called by Wells droplet-nuclei, are so light, or 
become so by evaporation, that they remain suspended in 


1 [see BMB 48 & 58] ® [see BMB 197-238] 

® [” Air-bome infection ” is used here to mean the transference 
of infection through the air other than by direct “ droplet ” in- 
fection which requires close contact between infector and infected 
(Cruickshank, 1940).] 


the air like particles of smoke and may be carried consider- 
able distances by air-currents. 

Precise data on the fate of expelled droplets have recently 
been recorded by Bourdillon & Lidwell (1941) using flash 
photography. When a patient with a respiratory infection 
coughs or sneezes, the majority of the droplets describe a 
curved trajectory to the ground within a radius of 4 to 6 feet 
[about 1-2 m.] (see also Hare, 1940), so that a susceptible per- 
son would have to stand in very close proximity to be directly 
infected by these coarser droplets. The smallest droplets 
remain suspended in the air for periods of 30 minutes or 
more, and although dispersion of these droplet-nuclei by 
air-currents must mean a great dilution of the materies morbi, 
epidemiological evidence indicates that in many virus diseases 
the infecting dose is very small. Thus an aerial carriage of 
droplet-nuclei would help to explain the. high infectivity of 
such infections as smallpox, chicken:pox, measles, and dog 
distemper (see Dunkin & Laidlaw, 1926). Andrewes & 
Glover (1941) showed that influenza virus could spread from 
one ferret-cage to another along an S- or U-shaped duct, 
allowing the passage only of droplet-nuclei or veiy fine 
dust. 


Dust-borne infection. Meanwhile, the larger expelled drop- 
lets have fallen to the ground or on to bed-clothes and become 
dried. If they contain bacteria that withstand natural drying, 
as is the case with many respiratoiy pathogens, they infect 
the dust on the floor and the fluff of the bed-clothes. Ward 
activities, in particular sweeping, dusting and bed-making, 
raise these infective particles into the air, so that during 
bed-making in a scarlet-fever ward a patient may inhale 100 
to 200 dried haemolytic streptococci. Yet clinicians have 
been unwilling to believe that these dried and possibly 
“emasculated” bacteria could overcome the natural re- 
sistance of tissues and initiate infection. However, strong 
circumstantial evidence in favour of dust-borne infection has 
been provided by : 

i. The occurrence of tonsillitis due to a particular type of 
streptococcus in an individual who swept out a cubicle 
vacated 3 days earlier by a puerperal patient infected with 
the same serological type of streptococcus (White, 1936). 

ii. Two small outbreaks of puerperal sepsis where direct 
transference by human carriers seemed to be excluded 
(Cruickshank & Godber 1939). 

iii. The occurrence of an explosive outbreak of strepto- 
coccal infection following influenza (Cruickshank & Muir 
1940). 

iv. The control of secondary streptococcal infection among 
children in a measles ward by preventing dissemination of 
infected dust (Wright, Cruickshank & Gunn, 1944). 

Additional supportive evidence was the finding by Brown 
& Allison (1937) of haemolytic streptococci in considerable 
numbers in the air of scarlet-fever wards of the same sero- 
logical types as were found in the upper air passages of the 
patients. These two workers had earlier (1937) shown that 
most of the complications of scarlet fever in hospital patients 
were due to cross-infection with serological types of the 
streptococcus other than that causing the original disease. 
Their findings were fully confirmed by de Waal (1940). The 
demonstration by Anderson, McLeod and colleagues (1931, 
1933) of three biological types of the diphtheria bacillus 
called by them gravis, intermedins and mitis, afforded them 
the opportunity to prove that cross-infection was a frequent, 
if clinically insignificant, occurrence in diphtheria wards. 
Later Crosbie & Wright (1941) and Wright, Shone & Tucker 
(1941) showed that infected dust was almost certainly one 
of the vehicles which facilitated diphtheritic cross-irfectitm. 
Among virus diseases, psittacosis has been acquired by 
attendants from the sweepings of parrot cages (McCoy, 1934), 
while evidence of air- and dust-borne rickettsial infection, 
e.g. tyjahus (van den Ende, Harries, Stuart-Harris, Steigman 
& Cruickshank, 1943) and Q fever (Homibrook, Nelson, 
Dyer, Topping & Bengtson, 1940) has also recently been 

recorded. 


fetliods of control. The methods-chemical and physical 

ifection of the air, dust-suppressive measures— for dealing 

1 air-borne infection are discussed by Professor Mdes on 
ther page.i All that need be said here is that much work 
been done in Britain in the development of these methods, 
s, Douglas, HiU &. Smith used hypochlonte sprays for 
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aerial disinfection as early as 1928, and Maslcrman (1938) 
developed the technique and enunciated the principles of 
disinfection by hypochlorite, which he maintained acted in 
virtue of the formation of hypochlorous acid gas. His work 
has been confirmed by Edward & Lidwcll (1943) and the 
principle of aerial disinfection by raporization of suitable 
substances which saturate the air and condense on bacteria- 
carrying particles has now become generally accepted (see 
Robertson, 1942). A great volume of research, much of it 
unpublished, on the problems of aerial disinfection has been 
carried out by teams of workers at the National Institute for 
Medical Research, London. Some of their earlier findings 
have been summarized by Andrewes (1940). Twort and his 
colleagues at Portslade (Twort, Baker, Finn & Powell, 1940 ; 
Baker & Twort, 1941 ; Tsvort & Baker, 1942) have also made 
valuable contributions to the subject. 

Dust-suppressive measures have been developed by van 
den Ende and his colleagues (1940, 1941a, 1941b) by 
the utilization of certain oils, e.g. crude paraffin oil and 
“ technical white oil,” for application to floors and to bed- 
linen. The value of such measures has been well 
demonstrated by the reduction of secondary bacterial in- 
fection in measles wards (Wright, Cruickshank & Gunn, 1944), 
of cross-infection in scarlet-fever wards (unpublished observa- 
tions) and of upper respiratory infections among troops in 
training units (Thomas, 1941 ; Anderson, Buchanan & 
MacPartland, 1944). The oiling of bed-linen in hospital 
laundries is now a practical possibility (Harwood, Powney 
& Ed\vards, 1944). 

Enthusiasm for these new methods of cleansing the air 
must not blind us to the paramount value of adequate 
ventilation, particularly in winter, in the control of air-borne 
infection. To quote Horence Nightingale again “ windows 
were made to be opened and doors to be shut,” and patients 
in bed are remarkably tolerant of cold. Proper bed-spacing, 
i.e. 144 square feet [about 13 m.*] per bed in infectious 
diseases hospitals and at least 100 square feet in children’s 
and maternity hospitals, must also be maintained, for over- 
crowding increases the risk of cross-infection which, in turn, 
entails a longer stay in hospital and a slower turnover of 
patients, thus defeating the objective which prompted the 
increase in beds. Hospital wards should also be well-lit for, 
besides the bactericidal action of direct sunlight and day- 
light, Garrod (1944) has recently shown that daylight through 
ordinary glass is also bactericidal. Thus it is that, in the 
summer months with better ventilation, more daylight and 
less overcrowding, the incidence of respiratory cross-infection 
is always at its lowest. Our aim must be to utilize all the 
available methods of control in order to keep air-bome 
infection in hospitals at the same low level in both summer 
and winter. 

Hospital Infection To-day 

Advances in our knowledge of the mode of spread -of 
infection, due in large part to laboratory research, have 
altered considerably the present-day conception of hospital 
infection. In particular, recognition of the human carrier 
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as a reservoir of infection has helped to explain many 
anomalies and to dispel old notions about the dangers of 
miasma, sewer gases and the like. Hospital infection could 
to-day be defined clinically as manifest respiratory, gastro- 
intestinal, wound, skin, or mucous membrane infection, 
arising during the course of another disease, and, bacterio- 
logically, as the acquisition by a patient of pathogenic 
organisms not present on admission. 

If, with modem improvements in technique and accommo- 
dation, clinicians feel that cross-infection is no longer a 
serious problem, they may be reminded of such recent 
happenings as a secondary streptococcal infection-rate of 
over 70 % in measles wards with one-fifth of the children 
developing otitis media (Wright, Cmickshank & Gunn, 
1944) : more than 60 % of the clinical complications in 
scarlet fever due to cross-infection with an average stay in 
hospital of 52 days compared with 27 days for uncomplicated 
cases (de Waal, 1940) ; 13 % of 551 children cross-infected 
with the haemolytic streptococcus during one year’s ad- 
missions to a children’s department (J. Wright, 1940) ; out- 
breaks of neo-natal diarrhoea with mortality-rates of over 
50% (Ortniston, 1941; Sakula, 1943); and the all-too- 
frequent pyogenic infection of wounds in bums and oto- 
rhinological wards. Gastro-enteritls, dysentery, pemphigus 
neonatomm, diphtheria, are other hospital infections which 
are still too common. 

Accompanying, and far transcending the obvious clinical 
infection, is the latent bacteriological infection sert’ing as an 
undetected reservoir for the infection of new and susceptible 
cases. Thus, cross-infection may be likened to an iceberg 
with but one-ninth of its bulk above the surface for all to see. 
It is the submerged eight-ninths that spells danger, and it 
is the function of the bacteriologist to unmask this hidden 
infection in throat, gut or wound, for it is the unknown, not 
the known, carrier of pathogenic organisms who is most 
likely to be a danger to his fellows. This modem concept of 
hospital infection is developed in a recent Medical Research 
Council War Memorandum (1944), which discusses the 
sources and modes of spread and the general measures for 
prevention of hospital infection, gives specific advice about 
the control of contact and mediate, droplet and air-borne 
infection, and recommends procedure when a particular 
type of infection occurs in a ward. This practical pamphlet 
should be read by all who are interested or concerned in the 
problem of hospital infection, for only by intelligent and 
whole-hearted co-operation by everybody, from physician 
and surgeon to porter and domestic, can hospitals be made 
safer for those who require their healing aid. The comple^j, 
problem of cross-infection is still unsolved, but to-day we 
understand more clearly what the contributory factors are. 
We still do not know the relative importance of better hospital 
design and equipment, well-trained nursing staff, new 
methods for controlling air-bome infection, chemotherapy 
and chemoprophylaxis, but if we apply the knowledge w'e 
already have we shall have gone a long way towards achieving 
Florence Nightingale’s first requirement in a hospital that 
it should do the sick no harm. 
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OBSERVATIONS ON THE CONTROL OF HOSPITAL INFECTION 

A. A. MILES, F.R.C.P. 

Professor of Bacteriology, University College Hospital Medical School 


The problems of hospital infection are like, the problems of 
transmissible disease in general ; they cannot be appreciated 
without a knowledge of the reservoirs of infection, of the 
channels whereby the infective agents reach the susceptible 
person, and of the mode of infection. The hospital problem 
is peculiarly acute in that a large variety of infections may be 
gathered together in one institution, and that infected and 
susceptible persons are, geographically speaking, crowded 
together in a small area. Moreover, the infected, because 
they are ill enough to require hospital treatment, are likely 
to be heavily infected, and the susceptible, being treated for 
other, perhaps debilitating, diseases, are likely to be more 
susceptible than healthy persons in the population at large. 
These epidemiological disadvantages of hospitals are of 
course counter-balanced by the advantages of supervision of 
the hospital community by skilled medical staff. But though 
■ 1 the past century the reforms of hospital administration 
id technique have eliminated the grosser horrors of hospital 
ifection, it is not fully recognized to-day that, even in modem 
Dspitals, infection of this sort frequently occurs, and that 
I many hospitals the preventive measures in force would 
rove inadequate to prevent the spread of an infection 
nong the patients or staff, if an infective agent were intro- 
uced among them. 

Added Infection : Magnitude of the Problem 
The infections with which we are concerned are qualified 
Y the word “ hospital,” which is intended to indicate, not 
lat they are necessarily acquired in a given type of institution, 
out that they are acquired by a patient as a result of submitting 
to any form of medical or surgical treatment. The word 
“ hospital ” is too restricted ; the important feature of the 
infection is that it is added to a patient already suffering from 
the disease for which he seeks treatment. In this article, 
” added infection ” is used synonymously with “ hospital 
infection,” and is preferred, because it keeps clearly before 
the reader the idea of an unnecessary and to a large extent 
an avoidable burden imposed on the patient. 

It is often assumed that the risk of added infection is 
adequately met if the great majority of patients never suffer 
from a severe disease traceable to an infection picked up in 
the hospital. This is erroneous for a number of reasons. 
In the first place, the sources of infection may be absent or 
scanty for long periods, and the precautions, though poor, 
are consequently never tested against a heavy load of in- 
fection. For instance, in surgical wards, the incidence of 
infection in “clean” operation wounds rises in war-time, 
when patients with such wounds are nursed alongside 
patients with heavily infected war-wounds (McKissock, 
Wright & Miles, 1941). In the second place, an infection 
acquired in hospital may make little obvious change in already 
sick patients, though it may prolong the period of illness. 


or eventually kill the patient. An obvious illustration is 
again found in wounds ; the addition of Strept. pyogenes, to 
a wound already septic as the result of infection with Staph, 
aureus, may not be at first clinically apparent, but the sub- 
sequent history of the wound is that of a severe streptococcal 
infection (Miles, Schwabacher, Cunliffe, Ross, Spooner, 
Pilcher & Wright, 1940 ; Spooner, 1941). Again, children 
convalescent from infection by one type of diphtheria 
bacillus, may be re-infected by diphtheria bacilli of another 
type (Glass & Wright, 1938 ; Wright, Shone & Tucker, 
1941). In the third place, the patient’s response to added 
infection may not take the form of a gross, acute disease. 
He may become a healthy carrier of the infecting organism, 
or he may suffer from an infection which is clinically silent. 
In a children’s ward observed for one year, Wright (1940) 
found that of all the children who acquired a Strept. pyogenes 
in the throat, only 25 % showed any signs of infection. 
The healthy carrier, by definition, does not suffer from the 
infection, but he becomes a reservoir of the organisms and a 
menace to other patients who may be highly susceptible to 
the infection. To the susceptible patient, the carrier and 
the silently-infected patient are in fact a greater menace than 
the manifestly-infected patient, for they display no danger 
signs whereby their condition may be recognized, and the 
risks of transfer guarded against. • 

Silent infections and the healthy carrier-state are indis- 
tinguishable by a single clinical or bacteriological examination 
but, in some cases at any rate, it is clear that some of those 
who carry pathogens without suffering from manifest disease, 
do in fact suffer disabilities from the presence of the organism 
in the body. For instance, in one survey (GLsane, Miles & 
Williams, 1944) the average period of treatment for minor 
lacerations of the hand treated by excision and suture was 

Clinically and bacteriologically clean wounds . 15 -6 days 

Clinically clean, but “ infected ” wounds . . 18 -2 days 

Septic wounds ...... 25-4 days 

Here the average healing time of the silently infected 
'.vounds is 20 % higher than that for clean wounds, a suffi- 
ciently striking figure for small wounds ; the healing time is 
increased 60 % in the septic wounds. For larger wounds, 
there are few precise records of the effect of added infection, 
though there is general agreement that infection per se delays 
healing. In one series of air-raid wounds of the head, the 
average healing time of those with added streptococcal and 
staphylococcal infection was over 100 days ; those without 
added infection healed in an average of 35 days (McKissock 
et al, 1941). 

It follows from these preliminary remarks (a) that preven- 
tive measures must cover more than obvious existing risks , 
to meet greater possible risks they must be made as infection- 
proof as is practicable; [b) that preventive measures must 
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aim at reducing the spread of mild as well as severe infection, 
and at preventing the increase of the carrier-state and of 
silent infections ; and finally (c) that the criteria of an added 
infection are in the last analysis bacteriological, not clinical. 

The crippling or fatal added infection, however rare its 
occurrence, is an index of gaps in the hospital’s defence 
against infection, gaps through which, it would be salutary 
to assume, mild and silent infections are all the time creeping. 
There is no good reason why a patient or a member of the 
medical staff should suffer, even mildly, from an avoidable 
infection acquired from other patients or members of the 
hospital staff. To allow him to do so is both inhumane 
and uneconomical. In times of war, when the demand on 
manpower and medical services becomes acute, avoidable 
Infection is even less defensible. 

Sources of Added Infection 

The three main types of added infections are, in order of 
their importance and prevalence ; respiratory ; gastro- 
intestinal ; and infections of skin, external mucous mem- 
branes and wounds. With the exception of wounds and 
burns — infections which attain a peculiar predominance in 
war-time — these infections bear most heavily on the child 
population (Medical Research Coitiicil, 1944). From the 
hospital point of view, the reservoirs of all these infections 
are excreta and discharges (including droplets from the upper 
respiratory tract) from manifest cases of the various diseases, 
or from healthy carriers. From the upper respiratory tract 
come bacteria, such as Strept. pyogenes, Staph, aureus, 
pneumococci and meningococci, the bacilli of diphtheria, 
whooping-cough and tuberculosis ; and viruses, or presumed 
riruses, like the agents of measles, chicken-pox, rubelfa, 
mumps, infectious hepatitis. From faeces, vomit and urine 
may come Salmonella and dysentery bacilli, protozoa like 
Giardia, and perhaps the causal agent of the so-called non- 
specific enteritis. And from infected skin, conjunctivae, 
mouths, external genital tracts, and from infected wounds may 
come discharges bearing bacteria of the numerous pathogerric 
species, both aerobic and anaerobic, known to infect these 
places. 

Preventive Measures ; Some Important Considerations 
It is obviously impossible to eliminate these reservoirs of 
infeefion from among the patients whose infection may have 
brought them to hospital. Elimination of carriers from the 
hospital staff is both possible and desirable, but in some 
cases it is impracticable. It may be impracticable if the 
carrier-state is so common that to dismiss the carriers would 
necessitate closing the hospital. The nasal carrier-rate of 
potentially pathogenic Staph, aureus in a nursing staff may 
be as high as 80% (Miles, Williams & Clayton-Cooper, 
1944). No maternity home, for example, faced with an out- 
break of staphylococcal “ pemphigus ” among the infants, 
could afford to send 80 % of its nurses off duty. The same 
consideration might apply to carriers of the meningococcus. 
In other cases, as with Salmonella bacilli, the probability 
of added infection is too great, and the consequences of 
infection are too serious, to allow a carrier to continue in 
hospital service. 

It is outside the purpose of this article to discuss the cure 
of intestinal or respiratory carriers. In any event, evidence of 
the complete cure' of a carrier state, especially in the upper 
respiratory tract, is hard to obtain, as absence of the orgam'sm 
in question from the samples examined bacteriologically 
may indicate only a temporary absence of the organism 
from the superficies of the mucous membrane. And it is 
known, for example, that Strept. pyogenes (Straker, Hill & 
Lovell, 1939) and pneumococci (Smillie, Calde'rone & Onslow, 
1943) may reappear in the throat after a prolonged naturally- 
occurring absence. Nevertheless, measures which apparently 
cure or diminish a carrier-state have their use, as at least 
they reduce the load of bacteria which the carrier disseminates 
through his surroundings. Of simpler measures which 
appear to achieve this end in the upper respiratory tract, 
we may cite the successful use of penicillin (Delafield, Straker 
& Topley, 1941) and sulphathiazole snuffs (Delafield & 
Strakep, 1941 ; Thomas, 1941 ; Goldman & Patterson, 1942) 
for the treatment of nasal carriers of Staph, aureus, Strept. 
pyo^nes and C. diphtheriae, the treatment of throat carriers 

it ' aerosols of sulphapyridine (Legros, 1943) 

ttnd of throat carriers of Strept. pyogenes by tonsillectomy 
Md sulphanilamide treatment (Chesterman & Scandrett, 1940). 


Since only a limited attack can be made on the reservoirs 
of infection, preventive measures are usually devised closing 
the channels of infection. It is customary to distinguish 
spread of infection by (a) contact, which may be direct 
(immediate) or indirect (mediate) — such as transmission 
by hands, instruments, utensils, clothes, food, flies, etc. ; 
(b) by droplets ; and (c) by the air. 

It is certain that a number of infective agents, among them 
bacteria and viruses, can remain infective for long periods 
as dry or semi-dry particles, small enough to be carried 
considerable distances by relatively feeble currents of air. 
These' particles may be formed by the disintegration of dried 
infective discharges and excretion. Explosive respiratory 
discharges, such as accompany sneezing, coughing and talking, 
are particularly proUfic in the production of the particles. 
Fluid droplets of various sizes are discharged in these ex- 
plosions. Wells (1934) distinguished the relatively large 
h'quid droplet from the small particles, which in the course 
of a few seconds dry up and form a readily air-bome 
“ droplet nucleus ”. It is the infected droplet nuclei that 
infest the air. The importance of the distinction has recently 
been emphasized by Hare (1940), who showed by bacterio- 
logical methods that the larger droplet depends upon the 
explosive impulse for its dissemination, and has a horizontal 
range of about 1 metre only. The maximum horizontal 
range, determined by flash-photography of droplets during 
expulsion, is about 2 metres (Bourdillon & Lidwell, 1942). 
The droplet is not, in fact, truly airborne (Mackie, 1942) 
and may logically be considered as an example of mediate 
contact infection. There are, however, many other sources 
of airborne infective particles besides the droplet-nucleus. 
The large droplet that falls to the ground or on to bedclothes, 
and infective discharges that contaminate dressing, clothes 
and bedding, disintegrate and eventually add their quota of 
infective dust to the air. The prevalence and dangers of 
dust-borne Strept. pyogenes (Cruickshank, 1935 ; Allison & 
Brown, 1937 ; \Vhite, 1937 ; Cruickshank & Godber, 1939 ; 
Cruickshank & Muir, 1940; Kelsey, 1941 ; Willits & Hare, 
1941 ; Edward, 1944) and C. d/phthenae (Crosbie & Wright, 
1941) are well established. 

There are then two modes of transmission, air-bome and 
contact. The relative importance of the two modes of 
spread depends firstly on the survival of different infective 
agents in the dry particles of dust, and secondly on the mode 
of infection in each disease. It appears (Mackie, 1942) that 
staphylococci, haemolytic streptococci, pneumococci, the 
diphtheria bacillus, bacterial spores, and tubercle badlli 
survive for relatively long periods in the dry state. Haemo- 
philus, the plague bacillus. Salmonella and dysentery bacilli, 
and the cholera vibrio die rapidly. Among the viruses, 
those of variola, vaccinia, psittacosis and poliomyelitis appear 
to survive well; the influenza virus (Edward, 1941) is 
moderately resistant. With regard to the mode of infection, 
air-bome infections are paramount in respiratory disease, as 
even a dilute infestation of the air will tend with continuous 
breathing to concentrate in the upper respiratory tract of 
the patients at risk, and the opportunity for the aei^ial dis- 
semination of infective agents from those already infected 
is obviously great. Air-bome infections probably occur to 
some extent in wounds (Miles et al., 1940). In the recorded 
outbreaks of added infection of wounds, however, the 
observed opportunities for contact infection have been so 
great that the role of air-bome bacteria carmot be judged with 
any accuracy. It may nevertheless be assumed to have been 
small, because infective particles fall slowly from the air on 
to the exposed wound ; though big woimds and extensive 
bums, the large area of which entails long periods of exposure 
during dressing, must be considered as relatively susceptible 
to air-bome infection. . 

There appears to be little opportunity for the rapid do’mg 
of infective intestinal discharges, and their subsequent dis- 
integration into air-bome particles. Feeding utei^ils and 
food are of prime importance in the spread of intestinal 
diseases. Other vehicles are important as they are related 
to the ingestion of infective material, to excretion on the part 
of the patient, and to the handling and disposal of excreta 


y the hospital staff. . . ...,, 

The possible vehicles of skin and wound infection are, I . ^ 
lose of intestinal infections, too numerous for detailed 
lention. Even a perfunctoo’ sunny of an 
leatre, out-patient or ward routine Mil reveal .an abun .a ^ 
f opportunity for the transmission of mfeci ve nuicn- . 
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if it is assumed that infective material can be introduced 
almost at any point in the routine. As we have seen, the 
silently infected patient is a danger because his potentialities 
are unrecognized ; in the same way, the silently contaminated 
hand, utensil or instrument is equaUy dangerous. To take 
an example, in a ward containing one or two wounds infected 
with Strept. pyogenes, the coccus may be grown, not only 
from the wound and the obviously soiled inner dressings of 


sampler (Bourdillon, Lidwell & Thomas, 1941) as well as 
other devices for efficient sampling of the bacterial content 
of the air, have permitted tests of various methods of diminish- 
ing or killing air contaminants. Some of these methods, 
like the installation of air-conditioning plants capable of 
removing bacterial particles, are prohibitively expensive for 
most hospitals, and in war-time the necessary apparatus 
may be unobtainable. In this category, also, comes the use 


HOW A CLEAN WOUND MAY BECOME INFECTED 



Upper-tespiratoty-traa infection cycle: 
Doctor-patient-nurse. 

. Droplets. 

. Air. 


4. Instruments, “sterile” lotions, etc. 

5. Toilet utensils, baths, etc. 

6. Hands : septic, and normal but contaminated. 

7. Sweeping and bed-making. 


8. Dust. 

9. Infected wounds, dressings, bed-clothes, etc. 

10. Small particles. 

11. Droplet nuclei. 


le infected patient, but also from the apparently clean outer 
ressing, the bandage, the patient’s skin for distances up to 
0 cm. from the wound, his pyjamas, pillow-cases, sheets, 
lankets, bed-rail ; from the dust under his bed, the curtains 
f his screens placed round the bed, from the grease-line of 
. 'ash-bowls and baths (often in communal use in the ward) 
that he uses. It will be obvious that a nurse who has 
nothing to do with the actual dressing of that wound may 
carry the streptococcus to other patients merely by touching 
the outer bandage, adjusting the bedclothes or moving 
the bed. 

Available Modes of Closing Channels of Infection 
Air-borne infection : Air-borne infection must depend for 
its success on a relatively high concentration of the infective 
particles in the environment of the susceptible person, and 
for this reason it is likely that a great many of its dangers 
can be guarded against by dilution of the infective agent. 
It is well recognized that the bacteria of air and dust are 
sterilized in sunlight, but less well recognised that diffuse 
daylight is bactericidal (Solowey, Solotorovsky & Buchbinder, 
1942) even after passage through media which, like ordinary 
window glass, are impervious to ultra-violet rays (Garrod, 
1944). Ventilation, intelh'gently applied, has been and will 
remain a simple bulwark against air-bome infection. There 
are, however, many situations for which the remedy of 
ventilation is inadequate or inapplicable, and in recent years 
many attempts have been made, either to sterilize contami- 
nated air, or to shield the patient from it. Indeed, specta- 
cular advances in the control of added infection have been 
made particularly in the realm of air-bome infection. The 
Wells air centrifuge (Wells, 1933) and the Bourdillon slit- 


of batteries of ultra-violet lamps for air sterilization, though 
there is good evidence that ultra-violet irradiation is lethal 
to aerial suspensions, for example, of virases (Edward, 
Lush & Bourdillon, 1943) and that the incidence of various 
respiratory infections of children in wards and schoolrooms 
— measles (Wells, Wells & Wilder, 1942), varicella (Green, 
Barenberg & Greenberg, 1941) and general upper respiratory 
infections (Barenberg, Greene & Greenspan, 1940 ; del Mundo 
& McKhann, 1941 ; Robertson, Doyle & Tisdall, 1943)— is 
markedly reduced by irradiation of the air in wards and 
schoolrooms. On the other hand, Sommer and Stokes 
(1942) report no detectable effect of irradiation on the incid- 
ence of pneumococcal infection in children’s wards, though 
both irradiation and glycol vapours reduced the infection rate 
in mice that had been exposed in wards contaminated with 
droplet-nuclei containing influenza virus or streptococci 
(Henle, Sommer & Stokes, 1942). Glycol vapours in con- 
centrations tolerable by the human being are lethal to arti- 
ficial suspensions of bacteria (Puck, Robertson & Lemon, 
1943) and influenza virus (Robertson, Loosli, Puck, Bigg & 
Miller, 1941), and their use in a children’s ward (Harris & 
Stokes, 1943) was accompanied by a marked reduction in 
the incidence of tracheobronchitis and the common cold, as 
compared with a control ward. Hypochlorite sprays are 
effective against suspended viruses and bacteria Fmn 

&Twort, 1940; Challinor, 1943; Edward & Lidwell, 1943) 
and have been used with apparent success in suppr^smg 
epidemics of respiratory infection in military <^mps (l^ddle- 
ton & Gilliland, 1941). Pulverfaft (1944) emphas^es the sim- 
plicity of their appUcation— by atomization of hypochlonte 
solutions in household insecticide-spraying pumps, ^ve- 
lock, Lidwell & Raymond (1944) have recently demonstrated 
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that lactic acid sprays have a marked bactericidal effect on 
artificially- and naturally-infected air. Tlic different lethal 
agents rary in the range of conditions over which they arc 
effective, but to some extent all of them are less effective in 
dry atmospheres, and in air containing high proportions of 
inert dust-particles. 

There are even simpler methods of reducing tlic contamina- 
tion of the air. Bacteria-containing dust sediments with 
comparative rapidity. For instance, though the bacterial 
content of ward air rises considerably at bed-making and 
sweeping, it usually drops to a low level in half to one hour 
after activity in the ward is reduced to a minimum. Advan- 
tage may be taken of this sedimentation-rate by the applica- 
tion of oils to the floor and other smooth surfaces of the ward, 
and to bed-linen, blankets and curtains. The oil not only 
prevents the dissemination of bacterial dust during ward 
activities like sweeping and bed-making, but also (Thomas, 
1941) holds newly-formed bacterial dust as it settles after its 
discharge from the carrier or the infective patient (van den 
Ende, Lush & Edward, 1940 ; van den Ende, Edward & 
Lush, 1941 ; van den Ende & Spooner, 1941 ; van den 
Ende & Thomas, 1941). Paraffin or commercial white oil 
is used. The method is suitable for wooden and linoleum 
floors, and both cottonand woollen bed-clothingand garments 
can, by a simple and cheap laundry technique (Hanvood, 
Powney & Edwards, 1944), be impregnated with bacteria- 
holding concentrations of oil. Material so treated is highly 
effective in holding bacterial particles. By these means, 
Wright, Cruickshank & Gunn (1944) have recently produced 
a marked reduction in the incidence of streptococcal added 
infection in one measles ward, as compared with that in a 
similar “ unoiled ” control ward. Anderson, Buchanan & 
MacPartland (1944) for 4 winter months observed respiratory 
infections in two military units which differed only in that 
fte floors of all the huts in one of them were oiled at monthly 
intervals. The average weekly rate of acute respiratory in- 
fection per 1,000 men was 7 in the oUed ” unit, and 38 in 
the control. 

Contact-infection: There are no spectacularly successful, 
or simply applied techniques for the reduction of contact- 
infKtions. The charmels of contact-infections are many and 
various, and each may require a separate mode of closing. 
It k probable that great improvements would follow the 
abolition of large open wards and the division of hospitals 
into a number of single-bedded units and small wards 
(Medical Research Council, 1944). But no subdivision of 
this kind will be effective unless all possible contact-trans- 
missions are prevented. To take an obvious example, the 
most elaborate design of ward will fail to check the spread 
of contact-infections in a children’s ward if the duties of one 
nurse include routine attendance on the patient’s excretions, 
and preparation of his food. The principles which govern 
the design of precautionary methods are usually simple ; 
the chief difficulty in applying them is failure to recognize 
where ffie risks of infection are greatest, and it is here, at any 
rate with infective agents that are readily cultivable, that a 
bacteriological survey is chiefly valuable. The main reason 
for the failme of precautions is failure to work intelligently 
from the principles. For instance, the ritual observance of 
a rule that every nurse should wash her hands after a visit 
to the water-closet will have little effect on added infection 
of ffie nursing staff by Soime’s dysentery bacilli if the wash- 
basm is outside the water-closet, for the door handle in each 
vase is thoroughly contaminated before the hands are washed. 

As an illustration of the complexity of the problem, we 
raay consider the elimination of hospital infections of clean 
'pounds in a surgical ward. Our primary aim is to protect 
he Wound from potentially pathogenic bacteria ; we caimot 
ope to eliminate all bacteria from the ward environment at 
we time of dressing. 

With fewe.\ceptions (e.g. the brain), freshly cut tissues of the 
0 y app^r to be bactericidal enough to kill small numbers 
rapropfijlic organisms, without the mediation of detectable 
reaction. The uneventful healing of large 
cert • P bperation-wounds, made in theatres that are 
bacteria-free, is sufficient evidence of this point, 
be 1^1 ? ^ possibility of harmful “ silent ” infection cannot 
tided in operation-wounds that heal by “first intention.” 
strn raind ffie “ silent ” infections, Gudin (1942) pleads 
uongiy lor the eliminaUon of o// possible sources of infection, 
insists that a true sterile healing of wounds cannot be 


guaranteed unless the operation is performed in a special 
theatre whose walls, furniture and instruments are sterile, by 
persons completely covered to contain their personal bacteria, 
upon a patient whose skin is completely sterile. Gudin’s 
" integral asepsis ” is devised for theatre work ; and though 
his analysis of the dangers of theatre contamination may be 
read with profit by those designing aseptic methods for the 
ward, the method is not strictly applicable to wards, where 
the problem is one of local bacteriological control of a small 
area of operation. 

We have for the most part to guard against Staph, aureus 
and Strept. pyogenes which, together with the faecal coliform 
bacilli, are the chief cause of hospital infection of wounds 
(Miles ct al., 1 940 ; Williams, Clayton-Cooper, How'at & Miles, 
1945). The figure [see page 278] illustrates the situation of a 
clean wound exposed for dressing in such a ward. There 
arc two main reservoirs of these organisms, namely, already 
infected wounds, and the upper respiratory tract of patients 
and personnel. The carriage of Strept. pyogenes in the throats 
of 5-15% of normal persons is well recognized. It is less 
well recognized that Staph, aureus is earned, usually in pro- 
fusion, in the nasal cavity of about 50 % of normal adults, 
and that the carriage is more or less persistent (Miles, 
Williams & Clayton-Cooper, 1944). The dangera of infected 
droplets, droplet-nuclei, from these sources have already 
been discussed. The other reservoir, the infected wound, is 
a profuse source of the two cocci. It cannot be too strongly 
emphasized that not only are the wound exudate, and the inner 
dressings of such wounds, full of organisms, but also that ffie 
skin for a large area around the wound, the skin of the patient’s 
hands, and all the bed-clothes, may be holding the infected 
dust. Some of the places where Strept. pyogenes may lie in 
such a ward have been listed above. Staph, aureus wUl also 
be found in these places. And we may add the personal 
bandage-scissors of the nurses ; the aprons, coats and gowns 
of the staff, the hands of staff; instruments, lotions, and 
gauze or lint contaminated in bulk when samples are taken 
with soiled instruments or hands during the course of a 
dressing. The two cocci may spread by means of instruments 
and hands of medical staff. They may spread via wash- 
bowls and baths, where they collect in the grease-line, and 
defy all but the most rigorous antiseptic treatment. 

Bacteriologically Acceptable Dressing-Techniques 

There are two alternatives for the safe dressing of wounds. 
Either the wound may be dressed in a theatre or side-room, 
the whole of which is under full control, or ffie dressing 
may be done in a ward, where an attempt is made to create 
local conditions of asepsis round the exposed wound. The 
dressing theatre has many advantages, and it may prove to 
be a necessity in the treatment of bums, which are pKuliarly 
susceptible to added infection. Nevertheless, it is often 
convenient to dress wounds in a general ward, and it should 
be possible to do so in comparative safety from infection. 

Some of the precautions necessary to achieve local control 
of infection in the surgical ward are obvious. Droplet- 
infection is prevented by rigorous masking, using masks 
xviffi at least one layer of an impermeable material like 
cellophane. Soiled dressing-materials — ^plasters, bandages, 
etc., must be removed and disposed of with the minimum 
of disturbance into deep, capacious discard-bins. Plasters, 
which may be impregnated with dried bacteria, should be 
damped before removal. The wound must be exposed as 
little as possible, and dressed by a no-touch techmque' 
(as distinct from ffie “ dripping-finger ” method of mampu- 
lating the wound svith sembbed wet hands). The essentials 
of the no-touch technique are as follows. Dry sterile forceps 
must be used for all manipulations of the wound. The 
hands of the dresser need not be surgically sterile, but must 
be clean and dry. All material for ffie dressing of the 
wound is passed in forceps to the dresser by a person whose 
sole duty is to look after a trolley containing ^ clean Md 
sterile material. A third person should atnilable to help 
by adjusting clothes, banda^g, and sterilizing instruments, 
etc., for use. This third person, like the dresser, must wash 
carefully between each dressing, or he may become a dan- 
gerous vehicle of infection, as from each infected pauent ne 
may be liberally contaminated by touching bed-clothes, 
pyjamas, healthy ski n, and all the outer dressmgs. Persons 

» [The no-touch technique of dressing wounds to been 
described in detail by the Medical Research 
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with infections of the hand must not be allowed to dress the 
wound ; and all persons who handle the wound, in any 
capacity, must be thoroughly familiar with the elements of 
prophylaxis against contact infection (Medical Research 
Council, 1941). 

The more thorough methods of eliminating dust have been 
discussed above. Apart fforti these, much can be done by 
damp-dusting and -sweeping, and the cessation of all dust- 
raising activities in the ward half-an-hour before, and through- 
out, the period when wounds are dressed. It is most im- 
portant that the precautions should be observed by all 
hospital staff concerned. Often, when the most rigorous 
precautions are taken to prevent the dresser of the wound 
from spreading infection, great latitude in this respect will be 
allowed to the visiting surgeon, the porters, to j:-ray atten- 
dants, masseurs and ward-maids. 

Simple revisions on these lines have proved successful in 
reducing added infection of wounds. McKissock et al. 
(1941) reduced a gross streptococcal infection-rate 'of 31% 
to 2% in an air-raid casualty ward. In a septic ward 
treating industrial accidents, where the reservoirs of in- 
fection were numerous, the incidence, per wound-weeks at 
risk, of Strept. pyogenes infection was 14 %, and of Staph, 
aureus infections, 100 %. After a revision of ward technique, 
these figures fell to 18 % and less than 1 %, respectively 
(Williams et al., 1945). Ascroft (1944) has also made 
striking reductions in “ clean ” wound infection by simple 
revision of certain nursing procedures. Revision need not 
mean elaboration and a consequent increase in work for 
the hospital staff, for many existing precautions are often 
redundant, and their elimination allows ample time for taking 
more rewarding precautions. Revised dressing methods, 
in fact, once they are learned, are quicker in performance 
than some of the older methods (Gissane et al., 1944). 

Direct Protection of the Patient against Added Infection 
We have so far discussed elimination of the reservoirs of 
infection, and stoppage of the channels of infection. There 
remains a third method, namely, the enhancement of the 
patient’s powers of resistance either by specific immuniza- 
tion against prevalent hospital infections, such as diphtheria 
and pertussis, or by the administration of prophylactic doses 
of chemotherapeutic agents. Both are beyond the scope of 
this article, but mention of the second raises a point of some 
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importance in wound infection. It is believed by some that 
the success of the sulphonamides and penicillin against the 
Gram-positive organisms to some extent excuses a perfunc- 
tory method of aseptic handling of wounds. The view is 
quite unjustified, for some strains of the pyogenic organisms 
are, or may become, drug-fast ; moreover, as the extensive 
survey of Meleney and his colleagues suggests (Meleney, 1943) 
the prophylactic use of sulphonamides may have little effect 
on the incidence of added or late-developing infections ; and 
finally, the organisms that are relatively insensitive to these 
agents — the coliform bacteria, Ps. pyocyanea, Proteus vul- 
garis, H. para-influenzae, etc.— are by no means negligible 
as causes of severe infection, and of severe residual disabilities 
in the ultimately healed wound. 


Conclusion 

In conclusion, it should be emphasized that the difficulties 
of preventing added infections come more from the psycho- 
logical obstacles to easy reform, than from the technical 
problems of prophylaxis. It is essential that the staff of 
hospitals should be educated to recognize the reservoirs of 
infection, their magnitude and dangers, and to meet the dan- 
gers by methods that are flexible enough to change when 
new risks of added infection are discovered. Rules of pro- 
cedure must be intelligible as applied principles ; they must 
not be mere lists of commands ; if they are, they will fail 
because they will be obeyed blindly when changing circum- 
stances dictate their modification. 

A great deal can be achieved without elaborate apparatus, 
and without specially-trained staff. Elaborate measures like 
ultra-violet irradiation, or the use of dressing theatres, may be 
necessary. Such measures are often credited with a success 
to which they are not fully entitled ; for consciousness, on 
the part of the staff, of the infection risks that the elaborate 
measures have been designed to meet, may lead to a general 
improvement in the performance of the simpler precautionary 
duties. 

In the future, precautions will be more easily taken if 
hospitals are designed for preventive as well as for admim’s- 
trative convenience. But no elaboration of design will be 
effective unless the education of the doctor and the nurse 
inculcates not rules for prevention, but the general principles 
from which thenrf hoc methods of attack can be readily devised. 
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THE CHEMICAL NATURE OF BACTERIAL ANTIGENS 
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Our present knowledge of the chemical nature of the somatic 
antigens of bacteria originated in the first place from the 
results obtained by applying immunological techniques, 
which were elaborated during the early part of the present 
' century, for distinguishing between the antigenic components 
of various species of bacteria. The isolation and identifica- 
tion of these antigenic complexes svas undertaken as soon as 
their qualitative detection and quantitative measurement had 
been established by these techniques. 

Pick (1912) observed that typhoid cultures that had been 
rendered protein-free by treating them with trypsin and 
pepsin, and by subsequent boiling to remove soluble protein, 
contained a substance which formed a precipitate in the 
presence of typhoid immune-serum. Similar observations 
were recorded by Dochez & Avery (1917) for Pneumococcus, 
and by Znsser (1921) who worked with Pneumococcus, 
Staphylococcus and the typhoid bacillus. Somewhat later, 
serologically-active substances were isolated by chemical 
procedures from each of the main types of Pneumococcus, 
and were identified as complex polysaccharides which are 
located in the bacterial capsules of the different strains 
(Heidelberger & Avery, 1923, 1924 ; Avery & Goebel, 1933 ; 
Heidelberger, Kendall & Scherp, 1936; Brown, 1939; 
Brown & Robinson, 1943). The methods used in the in- 
vestigations have been extended to many pathogenic and 
non-pathogenic strains of bacteria in the Gram-positive and 
Gram-negative groups. 

In almost every instance the purified specific-soluble sub- 
stance v?3s found to lack significant antigenic properties, as 
it failed to induce the formation of a type-specific precipitin, 
agglutinin or protective antibody in the serum of rabbits 
that had received intravenous injections of polysaccharide 
material. As a result of this work, a conception of anti- 
gem'city which attributed the specific immunological 
properties of a complete bacterial somatic antigen to a 
polysaccharide constituent, and the antigenic properties of 
the complete bacterial . complex to, a combination, of this 
important constituent with some other chemical component, 
came to be generally accepted and led to the idea that the 
difference between a virulent and an avirulent strain of the 
same organism is the presence in the former of the specific 
antigenic complex, which is not found in the avirulent form. 
Substances, such as the specific polysaccharides, that do not 
possess complete antigenic power but have the capacity of 
reacting in vitro with the immune-sera prepared by using 
the whole antigen, have been termed haptens by Landsteiner. 

In the space available here it is not possible to deal in 
detail with the chemical nature of the large number of specific 
bacterial somatic substances that have been described. The 
account that follows is, therefore, limited to a description 
of one or two examples of typical haptens and antigens 
selected from the groups of Gram-positive and Gram- 
negative organisms. The chemical nature of the so-called 
bacterial toxins and the antigenic complexes of animal and 
plant viruses are not discussed. 

Specific Components of the Antigenic Complexes of 
Gram-positive Bacteria 

The polysaccharide components of the type-specific 
Mtigens of the pneumococci were among the first bacterial 
haptens to be isolated and identified, and, of these biolomcally 


important complex molecules, our knowledge of the specific 
polysaccharide of Pneumococcus Type HI is more complete 
than that of any other bacterial polysaccharide. The poly- 
saccharide of Pneumococcus Type III is broken down by acid 
hydrolysis into aJdobionic-acid units, each composed of one 
molecule of glucose and one molecule of glucuronic acid, 
united by a glycoside link involving the reducing (aldehyde) 
group of the glucuronic acid and carbon atom 4 of the 
glucose molecule. The aldobionic acid molecules are like- 
wise joined together by a glycoside link which involves the 
reducing group of the glucose component and the hydroxyl 
group attached to the third carbon atom in the glucuronic 
acid molecule. According to Reeves & Goebel (1941) the 
polysaccharide molecule may be formulated as 

-4 glucose-1 : 3 glucuronic acid-1 : 4 glucose- 
Durlng work on the serological differentiation of the pneumo- 
coccal types, it had been observed that there was a consider- 
able degree of overlapping in the specific reactions of Types HE 
and VIII of the pneumococcus. With the isolation and 
subsequent examination of the specific polysaccharide from 
the Type Vni organisms by Goebel (1935), it became evident 
that the specific polysaccharide of each of these types contains 
a common aldobiom'c acid component, and thus it would 
appear that it is this component which is responsible for 
their overlapping specificity. Determination of the pro- 
portions of the constituent molecules in each of the two 
polysaccharides revealed that the Type Vm polysaccharide 
contained glucose units approximating to the ratio of 7 mole- 
cules of glucose to 2 of glucuronic acid, as compared with 
a 1 ; 1 ratio for the Type 111 polysaccharide. 

Avery & Goebel (1933) showed that the component 
responsible for the type-specific reactions of Pneumococcus 
Type I is an acetylpolysaccharide which possesses acidic 
characters, contains 6-0% of acetyl groups and 4-8% N, 
about a third of which is probably present as a primary 
amino group. The substance is strongly dextro-rotatory, 
[ajp -f 255°, and gives rise to 32 % of reducing sugar on acid 
hydrolysis. This polysaccharide was found to possess the 
unusu^ property of inducing the formation of protective 
antibody. Thus mice, when injected intraperitoneally with 
minute quantities of the acetylpolysaccharide, responded 
with an active immunity to subsequent infection with the 
homologous organism. On the other hand, no type-specific 
precipitins, agglutinins or protective antibodies were de- 
monstrable in the serum of rabbits that had received repeated 
intravenous injections of the Type I acetylpolysaccharide. 
These experiments revealed, therefore, points of difference 
between the antigenic properties of the acetybted poly- 
saccharide and those of the type-specific antigen of the 
intact virulent coccus, and indicated that the native t>T3e- 
specific antigen had not been isolated. The acetylated poly- 
saccharide is clearly an important component of the type- 
specific antigenic comple.x, but it does not possess the full 
antigenicity of the naturally-occurring antigen. 

The kind of substance with which the specific poly- 
saccharides in the different ty-pes of pneumococci arc com- 
bined to render them fully antigenic and th^ able to induce 
the formation of the homologous type-specific immune-sera, 
is not known with certainty. If, as appears probable, the 
proteins that are present in all types of pneumococa are 
similar, then, in the light of some recent obserrations with 
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other antigenic complexes (see Morgan & Partridge, 1941 ; 
Morgan, 1943a ; 1943b), it may be anticipated that the 
specific polysaccharide-protein combination will prove to be 
antigenic and will give rise to an immune-body that is specific 
for the polysaccharide component of the complex, and thus 
specific for the pneumococcal type from which the poly- 
saccharide had been isolated. But- it is doubtful whether, 
up to the present time, there is any record of the isolation 
and identification of a complete type-specific somatic antigen 
that is associated \vith a capsular polysaccharide of a Gram- 
positive organism. 

The antigenic analysis of haemolytic streptococci has 
revealed a different type of antigenic complex, for the type- 
specific properties reside in a protein substance, M, and in 
another unidentified type-specific compound T (Lancefield, 
1940 ; Zittle, 1942). The M protein can be isolated from 
the virulent organism by extraction with 0-05 HCI and 
purified by salt fractionation, iso-electric precipitation, and 
dialysis. The species-specific properties of most of the 
strains of human origin (Group A) are due to a polysaccharide 
which contains T7 % N, yields 87 % of reducing substances 
after acid hydrolysis and possesses a strong laevo rotation 
(Zittle & Harris, 1941). The capsular substance of the 
haemolytic streptococci consists largely of hyaluronic acid, 
a polysaccharide built up from molecules of glucuronic 
acid and N-acetylglucosamine (Kendall, Heidelberger & 
Dawson, 1937). The capsular material in this instance 
appears to play no part in the specific serological reactions 
of the haemolytic streptococci and cannot therefore be con- 
sidered to be the specific hapten in spite of its location in 
the bacterial capsule. It seems, however, to be a factor of 
definite significance in the virulence or invasiveness of these 
organisms (Seastone, 1943). 

The specific capsular substance of virulent strains of the 
anthrax bacillus is not composed of a polysaccharide, as for 
most organisms, but consists of a protein-like substance 
which is composed of d(-) glutamic acid molecules linked 
together to form a long-chain polypeptide (Ivanovics & 
Bruchner, 1937 ; Iv^ovics, 1940). The substance gives 
precipitation with the sera of rabbits hyper-immunized with 
killed encapsulated anthrax bacilli ; and such sera can 
protect mice against anthrax infection. The capsular material 
is built yp from the “ unnatural ” form of glutamic acid, and 
the suggestion has been made that the resistance of this 
substance to the action of the tissue-enzymes is most 
probably responsible for the virulence of the encapsulated 
form of the organism. The somatic substance of both the 
virulent and avirulent bacillus contains an antigen, the 
specificity of which is determined by a nitrogenous poly- 
saccharide, composed of rf-galactose and d-glucosamine. 

Type-specific polysaccharides have .been obtained from 
Staphylococcus, Types A and B, by Wieghard & Julianelle 
(1935), but the corresponding antigenic complex has not been 
isolated. The more recent work of Vet^vey (1940) suggests 
that there is also present a type-specific antigenic protein. 
This material reacts in high dilution with homologous 
immune-sera prepared by injecting animals with whole 
organisms or with the protein substance itself. 

Isolation of Specific Somatic Antigens from Gram-negative 

Bacteria 

The chemical nature of the somatic antigens of the Gram- 
negative bacteria has in some instances been investigated in 
considerable detail. Indeed, careful study of the antigens 
of the dysentery-typhoid group of organisms has revealed 
much of the inner structure of these complex molecules and 
has shown that in many biologically unrelated organisms 
the general make-up of the characteristic somatic antigen 
is very similar. 

Until about 10 years ago attempts to separate the somatic 
antigens from bacteria were imsuccessful, but in 1933 Boivin 
and Mesrobeanu devised a simple technique whereby anti- 
genic material could be obtained from Gram-negative 
organisms by extracting the wet bacteria vvith dilute tri- 
chloracetic acid (pH 1 • 0-2- 0) at 0° C. The antigenic coinplex 
passed into solution and was freed from bacterial bodies by 
centrifugation and filtration. About the same time, and 
quite independently, Raistrick & Topley (1934) found that 
by the action of trypsin on Bact. aertrycke it was possible 
to bring the specific somatic antigenic complex into solution. 
The digestion was carried out at pH 8 -3-8 -5 for several 
days at 37° C. Freeman, Challinor & Wilson (1940), using 


the same method of isolation, extended these observations 
compared the properties of antigenic material isolated from 
organisms that had been grown on ordinary and synthetic 
media, and concluded that the essential antigenic complex 
could be obtained in a state approaching chemical homo- 
geneity from cultures grown on either medium. 

A method for the isolation of bacterial antigens from 
Gram-negative organisms which avoids the use of an acid 
or alkaline medium, and which can be carried out at a low 
temperature,’ was introduced by Morgan (1937) in order to 
minimize the risk of inducing changes in the antigenic com- 
plex during the process of isolation. The extraction process 
was based on the solubility of the antigenic material in water- 
soluble organic solvents, anhydrous diethyleneglycol being 
the one most extensively used. The use of a solvent of this 
kind allows the antigen to be separated from 90-95 % of the 
total material of the bacterial bodies and thus renders its 
subsequent isolation from the non-specific somatic substances 
relatively easy. Furthermore, the use of anhydrous organic 
solvents reduces the possibility of extracting enzymes from 
the bacterial bodies that are destructive to the antigen by 
subsequently attacking the antigenic complex when, at a 
later stage in its purification, it is obtained in aqueous solution. 

Chemical Nature of the Somatic Antigens of Gram-negative 
Orgam'sms 

The first insight into the nature of the specific somatic 
antigens of Gram-negative bacteria was obtained by Boivin 
& Mesrobeanu (1933), who showed that the material ex- 
tracted by trichloracetic acid from certain strains of Sal- 
monella could be split by gentle acid hydrolysis into a poly- 
saccharide that was specific for each specimen examined, and 
a fatty or phospholipin component which possessed no 
obvious immunological property. In a long series of papers, 
Boivin and his co-workers (see Boivin & Mesrobeanu, 1935 ; 
Mesrobeanu, 1936 ; Soru & Combiesco, 1940) showed that 
the polysaccharide-phospholipin type of antigenic complex 
was present in many diflerent species of Gram-negative 
bacilli. The complexes were found to be toxic for animals 
and were believed to be free from protein. Raistrick & 
Topley (1934) considered that, from the evidence then 
available, a final conclusion as to the composition of the 
antigenic complex could not be reached, other than that it 
contained the specific polysaccharide in an antigenic form. 
Topley, Raistrick, Wilson, Stacey, Challinor & Clark (1937) 
subsequently concluded that the antigenic material isolated 
by means of tryptic digestion of Bact. aertrycke and Bact. 
typhosum was similar to that isolated by Boivin by means of 
trichloracetic acid. These workers examined antigenic 
extracts that contained more than one type of antigen, and 
showed that certain qualitative tests, such as the formation 
of a precipitate with aluminium sulphate or uranium acetate, 
could indicate the presence of the “ virulence ” or “ Vi ” 
antigen (Felix & Pitt, 1934) in material isolated from strains 
of Bact. typhosum which contained this antigen in addition 
to the characteristic O-somatic antigen. They also pointed 
out that the O-antigen in the presence of Vi-antigen was much 
more resistant to hydrolysis by OT N acetic acid at 100° C. 
than the O-antigen alone. 

Morgan (1937), Henderson & Morgan (1938) and Morgan 
& Partridge (1 939, 1940, 1942) considered that the O-somatic 
material extracted by diethyleneglycol from Bact. dysenteriae 
(Shiga) and Bact. typhosum was a homogeneous molecular 
complex containing a polypeptide-like or protein component, 
a specific polysaccharide and a phospholipin complex. The 
degradation of these antigenic complexes by means of 
anhydrous formamide was studied in considerable detail and 
it was shown for the antigen of Bact. dysenteriae (Shiga) that 
the phospholipin ([a]B 46 i + 12° ; N, 1-8 % ; P, 3-9), althou^ 
more or less firnily bound to the other components, could 
be removed by means of the dissociating action of formamide 
without inducing a significant change in the immunologica 
properties of the antigen. Thus the phospholipin-free matena 
was found to be fully antigenic, and induced in rabbits the 
production of specific agglutinins and precipitins and t e 
“ Shiga ” heterophile immune-body. It appears, therefore, 
that the main phospholipin component of the complex is no 
essential for the manifestation of antigenic properties. ore 
thorough treatment with formamide gives rise to comp ete 
dissociation of the remaining polysaccharide-protein comp e.x, 
and it was possible by this means to obtain for the r 
time a specific polysaccharide in its native or undegra e 



condition. The polysaccharide obtained by this method 
([a]s 4 gi + 85° ; N, 1-7%) is highly ^^scous in aqueous 
solution, contains a significant amount of organic phosphorus 
(0-5-1 ’’/O, but fails to induce the formation of specific agglu- 
tinins, precipitins or protective immune-body in the rabbit. 
The obsemtion w-as made that preparations of the poly- 
saccharide in which only a few per cent, of the protein 
component (Hsisi - 48° ; N, 11-5-12-5%, P, 0-8-l-0%) 
remain are quite strong antigens, and it is essential, therefore, 
to establish beyond doubt that bacterial polysaccharide pre- 
parations are completely free from protein before concluding 
that the specific polysaccharides themselves are antigenic. 
The action of trypsin on the complete antigen has made it 
possible to isolate the phospholipin-polysaccharide part of the 
complex ; this was found to be without significant antigenic 
properties. Similar obsers-ations were made by Freeman & 
Anderson (1941) for Bact. typho^um. 

There is evidence which indicates that the native antigenic 
complex, as it exists in the intact bacterial cell, contains 
substances other than the phospholipin, polysaccharide and 
protein components, but it would appear from the dissocia- 
tion experiments just described that, for some somatic 
antigens at least, the protein and the polysaccharide com- 
ponents are the two constituents whose presence is essential 
if the resulting complex is to possess the power to give rise 
to an immune-body specific for its polysaccharide component. 

By utiliring the action of dilute alkali or 90% phenol 
on the native phospholipin-polysaccharide-protein antigen 
isolated from Bact. dysenteriae (Shiga) and Bact. typhosum, 
Morgan & Partridge (1941, 1942) obtained evidence that the 
protein component, which is toxic for animals, contains 
a prosthetic group and is, therefore, a conjugated protein. 
A similar conclusion has been reached by Freeman (1943), 
who has obtained a protein substance from the O-somatic 
antigen of Bact. typhi-murhm. Observations (Morgan, un- 
published) of the same kind have been made for the composi- 
tion of the whole antigen complex and for the protein 
component of the O-somatic antigens of the various typ>es of 
Bact. dysenteriae (Flexner). The true nature of the pros- 
thetic group is not known. These results indicate that 
certain groups of bacteria possess somatic antigens which 
are built up from similar types of molecules arranged together 
as polymolecular aggregates. According to Morgan & 
Partridge (1940), each antigenic complex consists of a poly- 
saccharide that is specific for the organism and responsible 
for its characteristic serological reactions, and a conjugated 
protein component which endows the polysaccharide with 
antigenic properties. Other components of the native anti- 
genic complex such as the phospholipin, are also present 
but are not essential for the manifestation of antigenicity. 
Further unidentified substances are possibly also present in 
the native antigen. 

Considerable support for this conception of antigenic 
structure was obtained when it was observed by Partridge & 
Morgan (1940) that the isolated, undegraded and non- 
antigenic specific polysaccharide component of the O-antigen 
of Bact. dysenteriae (Shiga) could be re-combined \vith the 
non-specific conjugated protein of the native antigen to 
yield an antigenic complex that would give rise to antibodies 
which are specific for the polysaccharide component, and 
thus for the homologous organism. It was also found that 
specific somatic polysaccharides obtained from organisms 
belonging to the dysentery-typhoid group combine readily 
with the conjugated protein component derived from the 
corresponding somatic antigen of another organism within 
the group, and that the artificial antigen so formed induces 
the formation of a specific immune-body for the poly- 
saccharide component. Further evidence which supports 


these views on antigenic composition is provided by the 
success with which certain non-antigenic polysaccharides, 
such as agar, gum acacia, and cherry gum (Partridge & 
Morgan, 1942) or the specific blood-group A or B haptens 
ofanimal or human origin (Morgan, 1943a, 1943b; Morgan 
& King, 1943 ; King & Morgan, 1944 and unpublished 
observations) have been converted to full antigens by com- 
bination with the reactive bacterial conjugated protein 
mentioned above. 

The polysaccharide component of the “Shiga” antigen 
contains rf-galactose, /-rhamnose and N-acetylhexosamine 
(Morgan, 1938) whereas the corresponding hapten from 
Bact. typhosum is built up from molecules of d-glucose, 
rf-mannose and <I-galactose (Freeman, 1942). The main 
phosphoUpin component of the O-antigen of Bact. dysenteriae 
(Shiga) yields a-glycerophosphoric acid, oleic acid and 
palmitic acid on saponification with alcoholic potash, and 
is similar in certain of its properties to kephalin rather than 
lecithin (Morgan & Partridge, 1940). 

The nature of the antigenic complex of another Gram- 
negative organism, Br. melitensis, has been considered in 
detail by Miles & Pirie (1939), who have employed a different 
method of approach from those already described-. Suspen- 
sions of Br. melitensis in chloroform water or dilute phenol 
(2%) were found to give up their specific antigen, which 
could be recovered from solution by differential sedimenta- 
tion. Further fractionation of the material with ammonium 
sulphate gave rise to viscous opalescent solutions of the 
material that showed anisotropy of flow. Certain lipoid 
components of the complex were readily removed by treat- 
ment with organic solvents and protein-like material was 
eliminated by treatment with acetic acid. Gentle hydrolysis 
of the antigen gave rise to a formyl derivative of an amino- 
polyhydroxy compound and an insoluble phospholipin. 
The formyl derivative of the polyhydroxy compound is an 
inhibitory hapten, but loses this power with the disappearance 
of a phospholipin group, on further hydrolysis ; this com- 
ponent is neither toxic nor antigenic. Preparations of the 
antigen in different states of agregation differ in antigenicity, 
toxicity and immunizing power. 

General Conclusions 

The steady increase in our knowledge of the chemical 
nature of bacterial antigens is likely to lead to the preparation 
of these biologically important complexes in a form which is 
free from non-specific substances and therefore more suitable 
for prophylactic immunization than the crude bacterial 
suspensions that have so far been employed. A beginning 
has already been made, and the extracted and purified O- 
somatic antigen of Bact. dysenteriae has been employed for 
the immunization of man against infection wth this organism 
(Morgan & Schutze, 1943). Ultimately, when the exact 
nature and function of the component parts of antigens 
that have been derived from pathogenic bacteria are known, 
it may be possible to synthesize, by the methods of organic 
chemistry, hapten molecules of relatively simple composition. 
These might be combined with a suitable protein component 
and used to induce the formation of immune-bodies that 
%vill function therapeutically with an efiSciency equal to the 
more highly specific antibodies that are produced by im- 
munizing with whole organisms. Progress along these lines 
has also been made by Goebel (1939). The old adage 
“ prevention is better than cure ” is surely the right approach 
to the problem of the control of infectious disease, and we 
may anticipate with confidence the successful use of purified 
preparations of natural antigens or of artificial antigenic 
complexes built up from natural or synthetic haptens for the 
purpose of establishing an effective immunity in man. 
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THE NATIONAL COLLECTION OF TYPE CULTURES 


R. ST. JOHN-BROOKS, M.D. 
Curator, National Collection of Type Cultures 


With the insistent growth of microbiology from the pioneer 
days of Pasteur and Koch and the “ Golden Age ” of bacteri- 
ology, the need for type-culture collections of micro-organisms 
has continually been present in the minds of workers in the 
various fields, both for the study of principles and methods 
in microbiological investigation, and for the systematic 
classification of bacteria in their various species and strains. 

Before the war of 1914-18, the principal sources of supply 
available for microbiologists were the collection of the 
American Museum of Natural History in New York, the 
Krai Collection in Vienna and the Collection of the Pasteur 
Institute in Paris. In addition to these, there were what 
might be called specialist collections, mostly on the continent 
of Europe, such as the Centraal-bureau voor Scliinmelcultures 
at Baam, Holland, and the associated Laboratorium voor 
Microbiologie at Delft, the Collection of the Carlsbcrg 
Laboratorium at Valby, near Copenhagen, which concerned 
itself with the maintenance of yeasts, and the Collection of the 
Institut fur Garungsgewerbe in Berlin. It is a matter for 
regret that the Carlsberg and Krai Collections have dis- 
appeared under the stress of economic pressure. The 
American Type Culture Collection, enlarged and reconsti- 
tuted, is at present domiciled at the Georgetown University 
Medical School in Washington, D.C. under the curatorship 
of Professor Mario MoUari. In Rio de Janeiro a noteworthy 
collection of micro-fungi is maintained by Dr. O. da Fonseca 
at the Instituto Oswaldo Cruz. 

Foundation of the Collection 

in the early years of the present century there was no 
representative collection of micro-organisms in Britain, but 
in the year 1920 the National Collection of Type Cultures was 
founded under the joint control of the Medical Research 
Council and the Lister Institute of Preventive Medicine, who 
had long contemplated the formation of such a collection 
from which microbiologists in general and bacteriologists 
in particular might obtain from a trustworthy source authentic 
strains of recognized micro-organisms for use in scientific 
work. The Lister Institute provided, and continues to 
provide, accommodation and the necessary amenities, while 
the Medical Research Council bears the expenses of adminis- 
tration and of any special equipment that may from time 
to time become necessary. 

The unit was formed under the general direction of the late 
Sir John Ledingham, F.R.S., then Chief Bacteriologist to the 
Lister Institute. He retired from the directorship of the 
Collection in 1930 on his appointment as Director of the 
Lister Institute, since when the Curator — the author of this 
article — ^has acted as chief executive officer. 

The nucleus of the Collection was formed from the private 
collection of the Lister Institute of some few hundred strains, 
which included the valuable collection of anaerobic bacteria 


{Clostridia) of Dr. Muriel Robertson, and the yeast collection 
of the Nobel Laureate — the late Professor Sir Arthur Harden, 
F.R.S. It has grown steadily from year to year, and has 
been enriched by donations from many sources. Among 
these may be mentioned, over 150 separate species or sub- 
species of food-poisoning organisms belonging to the genus 
Salmonella received from Dr. H. Schutze {Lister Institute), 
Dr. Fritz KaufTmann (University of Lund, Sweden) and 
Dr. P. R. Edwards (Agricultural ^periment Station, Lexing- 
ton, Kentucky, U.S.A.>; Aspergillus and Penicillium species 
from Dr. Charles Thom and Dr. Kenneth Raper (U.S. De- 
partment of Agriculture) and from Professor H. Raistrick, 
F.R.S. (London School of Hygiene) ; collections of sporing 
aerobic bacteria {Bacillus) from Dr. W. W. Ford (Johns 
Hopkins University, Baltimore), Dr. Nathan Smith (Depart- 
ment of Agriculture, U.S.A.) and Dr. T. Gibson (Edinburgh 
and East of Scotland College of Agricultiu-e) ; pathogenic 
fungi of interest in medical mycology from Sabouraud’s 
collection through Dr. J. T. Duncan (London School of 
Hygiene) and from Dr. Roger Baker (Duke University School 
of Medicine, North Carolina, U.S.A.); grouped strain of 
Pasteurella from Dr. J. T. Cornelius, and of Bacterium 
pseudotuberculosis-rodentium from Dr. H. Schutze; a col- 
lection of viruses of human and animal origin from Dr. E. W. 
Hurst {Lister Institute) ; Streptococcus pyogenes types from 
the late Df. F. Griffith (Ministry of Health) ; American 
pneumococcus types from Dr. R. S. Muckenfuss (Rockefeller 
Institute, New York) and English types from Dr. M. Y. 
Young {St. Mary's Hospital) through Sir Alexander Fleming, 
F.R.S.; soil orgam'sms from pr. H. G. Thornton, F.R.S. 
(Rothamsted Experimental Station) and Dr. S. A. Waksman 
(Agricultural Experiment Station, New Jersey, U.S.A.) and 
representatives ■ of Gardner and Venkatraman’s Vibrio, 
groups I to VI, from Professor A. D. Gardner (School of 
Pathology, Oxford). 


Work and Personnel 

In the first year of the Collection’s existence over 1,5W 
ultures were distributed to workers at home and abroa . 
rhis figure increased steadily from year to year, so t a 
)y the last academic year before the present war e 
lumber sent to correspondents throughout me wor 
lad reached a total of over 6,400 strains. Of the^ sorne 
r5 % were issued for purposes of scientific research, iU /o 
o colleges and schools for teaching purposes, and /<, 
n connection with technology. The Collection j. 

irises some 4,000 strains of micro-organisms consisting o 
bout 1,400 separate species. Of these about Ja 
lacteria— the remainder fungi, yeasts and associated & 
sms. Large numbers of strains ™cro-or^ru ^ 
odged year by year for purposes of maintenance o S 
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tion. The struggle in which wc arc still involved has sadly 
curtailed overseas activities, as can well be imagined, but the 
demand for cultures in the British Isles has, apparently, been 
stimulated by \\’ar conditions and the staff has been very 
fully occupied, in spite of temporary isolation fropi many 
European and other colleagues. 

The personnel of the Collection consists of a Curator, 
Assistant Curator and technician with the necessary labora- 
tory assistants — the whole under the general direction of 
the Medical Sesearch Council, of which the present Director 
of the Lister Institute — Dr. Alan N. Drury, F.R.S. — is a 
member. The Collection is a general one, but plans arc in 
the making which will to some extent modify its structure 
in the post-war years and make it more adequate to ser\’c the 
special needs of lescaicli woikeis in ineuleal and veieiinaiy 
bacteriology. Nevertheless, though at the present time the 
medical and veterinary aspects of the Collection arc particu- 
larly stressed, the needs of agriculture, technology and teach- 
ing are well catered for — indeed the Collection on its present 
basis is of seiaice to all workers in the various disciplines of 
microbiology. 

The Collection also acts as a useful repository for important 
strains, which the original investigator, for one reason or 
another, cannot maintain. Examples of these in the National 
Collection are numerous yeast cultures formerly preser\’ed 
at the Carhberg Laboratorium ; a collection of Actinomyces 
species from Jamaica, which are antagonistic to the growth 
of Fusariiim oxysportim var. ctibense — the causal orgarusm 
of Panama disease of bananas ; as also a series of organisms 
(Acetobacter) isolated from vinegar brews in East Africa. 
These examples serx’e to indicate the varied material with 
which the Collection has to deal and the diversity of places 
from which it originates. Attention is directed to the con- 
tinued need for the deposition of newly described species and 
also for fresh examples of familiar types. It is only by con- 
stant augmentation and replenishment of such material that 
the requirements of workers at home and abroad in the 
various disciplines of microbiology can adequately be satisfied. 
The co-operation of microbiologists is earnestly invited and 
in return every effort is made to supply the needs of applicants 
for cultures. The staff is always glad to help correspondents 
in the identification of material and cultures, which should be 
accompaiued by the fullest particulars as to source and date 
of isolation and, if possible, by clinical and epidemiological 
notes. Cultures are supplied on demand, so far as possible, 
to workers throughout the world. A small charge is usually 
made to help to defray the cost of materials and postage. 

A new edition of the Catalogue of the National Collection 
is at present in preparation and will be issued as soon as 
circumstances permit after the war. In addition to the 
catalogue, a list of fungi maintained in the Collection is 
printed from time to time in the Transactions of the British 
Mycological Society, The staff of the Collection is in close 
touch with widespread activities. For example, the Curator 
has acted in an executive capacity at the Paris, London and 
New York Congresses for Microbiology and is at present 
sening as Secretary of the Permanent International Com- 
mission, the Nomenclature Commission and the Salmonella 
Sub-committee of the International Association of Micro- 
biologists. The staff, in addition, is actively interested in 
problems of nsedical mycology and in the formulation of the 
proposed rules of bacteriological classification. 

In addition to the routine subculture of numbers of strains, 
on appropriate media, cultures are also kept as' desiccates, 
whenever possible, thereby preserving their biological charac- 
ters unaltered for many years. For some considerable time 
a simple but effective technique of “ snap-freezing ”, devised 
by Professor Alfredo Sordelli of Buenos Aires, has been 
employed. This method is of value in the preservation of 
small quantities of material. It consists of rapid evacuation 
with a Hyvac pump, trapped with phosphorus pentoxide, 
avoiding the lethal effects of concentration and aggregation 
of protein molecules in the process of desiccation, which leads 
m their denaturation. The necessity of employing a special 
^Sent, such as “ dry ice ”, is thus eliminated. 

All organisms listed in the catalogue of the Collection are 
maintained at the Lister Institute, Elstree, Hertfordshire, 
" Collection was removed, from London, on the 

nu reak of war, with the exception of fungi causing disease 
or spoilage of timber, which are the special care of the Forest 
Research Laboratory at Princes Risborough, and 
of the filterable viruses and bacteriophages, which are 


obtainable in certain cases from specialists in the various 
groups. Thus a start has been made in a' process of de- 
centralization which will be referred to later. 


Future Development 

With regard to the general question of the future of type- 
culture collections, two lines of development are possible. 
The maintenance of large general collections presents in- 
creasing difficulties of administration and, with ever-expanding 
knowledge in the various fields of microbiology, it will 
become more and more difficult to maintain such collections 
under the direction of a small, even if devoted, band of 
workers. Such a staff may, and indeed often does, possess 
a wide knowledge of microbiology in all its aspects, but 
cannot possess intimate specialized knowledge of all the 
groups comprised in a large general collection ; nor are the 
laboratory facilities usually sufficient for the extensive and 
minute examination and periodic overhaul' of such an ex- 
panding collection. Short of an Institute of Microbiology, 
with ample funds, staff and accommodation, there is not 
much hope for expansion in this direction. Nevertheless 
the idea is not without attraction. The growing inter- 
dependence of the various branches of microbiology has 
been stressed recently in Britain by the formation of a new 
Society — ^The Society for General Microbiology — which has 
received influential support from every field of microbiology. 

A second line of development is more immediately hopeful. 
In place of the large general collection, kept to serve the 
ordinary requirements of microbiologists, it is suggested that 
a greater measure of decentralization than at present employed 
should be introduced. Responsibility in respect of a number 
of groups of organisms might be delegated to appropriate 
specialized reference laboratories (many of which already 
exist in connection with the Emergency Public Health Labora- 
tory Service formed under the aegis of the Medical Research 
Council), while a fimited selection of “ tested cultures ” for 
use in medical and veterinary teaching would be kept under 
constant supervision at headquarters. While retaining a 
nucleus to meet the needs of routine and teaching purposes, 
the present collection might well act as a central bureau pr 
clearing house and be in close association with specialist 
correspondents in the various groups who would undertake 
to supply cultures on request. Such a system need not be 
costly, but would require much careful organization. 


International Collaboration 


To take the broader aspect of international collaboration 
and reciprocity one may envisage at some future date the 
formation of an International Commission or International 
Advisory Committee on Culture Collections, sponsored in 
all probability by the International Association of Micro- 
biologists, whose activities, exemplified by its Paris, London 
and' New York Congresses, have unfortunately been inter- 
rupted by the war. Much good work in the international 
sphere has been delayed by the impossibility of holding the 
Fourth International Congress in Copenhagen in 1942, as 
arranged. The international character of such an organira- 
tion might be developed through official and unofficial 
agencies in. the different countries concerned, the objects of 
such an organization being briefly as follows : 


To make more adequate provision for permanent 
iservoirs of collections of living micro-organisms (in- 
uding bacteria, protozoa, micro-fungi, micro-algae and 
ruses), particularly those of importance in medical, 
Uerinary, agricultural and industrial science. 

To provide more effectively for the needs of workers in 
mdamental biological studies, such as genetics, cellular 
to'sioloay and biochemistry. 

To develop new facilities in continental areas not at 
resent adequately served and to expand the scope and 

tility of e,xisting culture collections. 

To promote international co-operation and integration 
1 these respects through appropriate channels. 

is becoming increasingly evident that imemaliona! 
ntific co-operation has received ari imme^ 
suit of the pooling of information dunng the pres^n ^ • 
reover in^ed facilities for rapid communication 
rided by modem air transport will, in the future, greatly 
the interchamte of scientific matenal and mfomation 

it <l£=So„ to »ri.» 
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surely take part — an immediate need to be filled being the 
share they Nvill take in the scientific rehabilitation of the 
countries that have been ravaged and impoverished by war, 
by supplying type cultures for comparison with others and 
for fundamental scientific research. 

It appears, therefore, expedient to have some kind of “ blue- 


print,” as outlined above, in readiness for. the days to come 
If in the future a scheme of this character should be evolved 
it would, without doubt, help to promote mutual good will 
and understanding among the best elements of the various 
nations, and contribute effectively to that reciprocity in 
microbiological science which is so greatly to be desired. 
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STUDIES ON AIR-BORNE VIRUS INFECTIONS, 
in. The Killing of Aerial Suspensions of Influenza Virus by 
Hypochlorous Acid 

by D. G. ff. Edward & O. M. Lidwell, Journal of Hygiene, 
43, 196-200, September 1943 

The possibility of destroying influenza virus by aerial dis- 
infection is perhaps of particular interest at the present time. 
It has been foimd by Andrewes (1940) that aerosols of 
influenza virus could be rendered non-infective by sodium 
hypochlorite mists ; Drs. Edward and Lidwell, also working 
at the National Institute for Medical Research in London, 
have now given details of experimental findings. The 
influenza-virus suspensions used were prepared from the 
lungs of mice which had been infected wth the PR8 and W.S. 
strains. In 4 of 5 experiments in which virus aerosols were 
in contact with hypochlorous acid gas in concentrations of 
from 1 : 640,000 to 1 : 3,000,000 for 20 minutes, 99 % of the 
virus was destroyed. TTie virus aerosol was as easily killed 
by the gas as Streptococcus salivarius. Preliminary experi- 
ments on mice and cats failed to show any toxic effects 
produced by inhaling the gas in relatively high concentration 
for prolonged periods. 

Reference 
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CLINICAL STUDY OF AN OUTBREAK OF IN- 
FLUENZA B DURING THE WINTER, 1942-43 
by J. M. Stansfeld & C. H. Stuart-Harris, Lancet, 2, 789-790, 
25/12/43 

This paper records the clinical data of the outbreak described 
by Stuart-Harris, Glover & Mills (1943). The patients came 
from certain military xmits and had been admitted to camp 
reception stations with fever and acute respiratory infections, 
but not all were considered typical influenza. Records of 
25 cases in an American hospital (in Britain) suffering from 
influenza-like illness were also available. Ilirst serum tests 
were made on both acute and convalescent sera of all patients, 
and according to the rise of antibody to influenza B they were 
placed in three categories : (i) A significant (4-fold or greater) 
rise of antibody was obtained in 24 cases from the reception 
stations and in 1 1 cases from the American hospital ; (ii) no 
rise in antibody could be detected in 14 patients from the 
reception stations, nor in 12 from the American hospital; 
(iii) four cases from the reception stations and 2 from the 
American hospital gave a 2- to 3-fold rise in titre. Sera from 
all cases in categories (ii) and (iii) and from 6 cases in 
category (i) were tested against virus A, but with negative 
results. The signs and symptoms of 24 of the cases of 
influenza B and 12 cases of influenza Y (those whose type of 
influenza was not determined serologically) were then com- 
pared with the signs and symptoms of 60 cases of influenza A 
studied during 1937-41. In addition to clinical data, 
radiological findings were available in 20 cases, and leucocyte 
counts in all 25 cases in the American hospital. 

The conclusion reached from a comparison of cases of 
influenza A, B and Y was that the three differed little in the 
incidence of general aching or coryza, although the average 
maximum temperature was a little lower in the B group. It 


has been suggested by Taylor, Parodi, Fernandez & Chialvo 
(1942) that clinical differences may be detectable between 
influenza caused by virus A and by virus B, but the present 
authors found that the two groups were indistinguishable. 

References 
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INFLUENZA IN BRITAIN, 1942-43 

by C. H. Stuart-Harris, R. E. Glover & K. C. Mills, Lancet, 

2, 790-793, 25/12/43 


During the winter and spring of 1941-42 and 1942-43 workers 
at the National Institute for Medical Research, London, 
and at a military laboratory, have continued to study the 
changing character of recent influenza epidemics in Britain. 
In 1941-42 Hirst serum tests were made on 52 sporadic 
cases of clinical influenza and atypical pneumonia, but the 
results were entirely negative. A few gurglings were also 
examined from military units, but ferrets could not be in- 
fected with this material and it was concluded that no in- 
fluenza-virus infection of known type was current during 
this period. During 1942-43 an investigation of acute 
respiratory infections was carried out in two divisions in 
which cases were officially notified (Stansfeld & Stuart- 
Harris, 1943). In division B, the cases were divided into 
febrile and afebrile, but in division A they included all cases 
of colds, sore throat, influenza, bronchitis and pneumonia, 
whether febrile or not. The incidence of respiratory in- 
fection was low in both divisions but sporadic cases of 
influenza occurred in some regiments. 

During the entire period in division A, and from January 
to March in division B, tests were made on garglings and on 
the sera collected from cases of upper respiratory-tract 
infections. The entire series of serological tests in 1942-43 
was made with reconstituted dried allantoic fluid and Hirst’s 
(1942) new technique was used. Of 114 sera tested against 
virus B, 52 showed no change, a decrease in titre, or an 
increase not exceeding Infold ; 12 showed a 2- to 3-fold 
increase, and 50 showed an increase of 4-fold or greater. 
The sera of all 52 in the first category, of 11 in the second, 
and of 1 5 in the third were also tested against virus A. Only 
2 pairs of sera showed differences in titre with virus A in 
excess of 3 times ; the majority showed no change. These 
results were interpreted as indicating infection with influena- 
virus B in 50 patients. It was noted that the rise of B- 
antibodies in individual patients was correlated with t e 
initial titre of the serum, so that patients with low irutia 
levels of antibody more often showed increases than those 

with high initial levels. j n r 

Towards the end of the normal influenza season, and a e 
it, there was a number of small outbreaks apparently ue o 
influenza A. Two or three cases of influenza at tne end o 
March showed increase of antibody to influenza A u n 
to B. Further localized outbreaks in March and again 
May and in June 1943 were also found to produce sigmhcani 

rises in titre against virus A. 

Attempts were made to recover, by means of cgg-in 
tion, strains of influenza vinis from garglings oft e pa • 
who did, or did not, show increases in B-antibody. 
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garglings were filtered and inoculated amniotically into 
12-day chick embryos, but the results from 21 patients were 
negative. Garglings from 26 patients were inoculated intra- 
nasally into ferrets between January and April 1943 and the 
results, at first, were entirely negative. However, in 8 ferrets 
inoculated with the original material there was a 4- to 16- 
fold increase in the blood level of antibody against B-virus. 
The specificity of the antibody in the ferret sera was confirmed 
in 5 instances by neutralization tests in mice. It was possible 
to make a comparison between sera from human cases and 
sera from ferrets inoculated wth the corresponding garglings 
in 21 instances. In 7 cases, both human and ferret sera were 
negative: in 6, both were positive ; in the remaining 8, the 
human sera were positfr’e, and the ferret sample was negative. 

Recent serological tests (Lush, Stuart-Harris & Andrewes, 
1941) have shown that a considerable proportion of cases of 
influenza towards the end of 1939 was due to B-virus. This 
was the first record of this strain in the British Isles. In 
1940-41 there were mild outbreaks, some of which were due 
to A-virus. During the early months of 1942 there were no 
widespread epidemics and no evidence of infection with 
\irus A or B was obtained. Towards the end of the year, 
however, and again in January and February 1943, a mild 
increase of acute respiratory infection was associated with 
serolo^cal evidence of influenza-virus B infection. Clini- 
cally the illnesses were typical influenza, but other respiratory 
infections which did not evoke the serological evidence for 
known influenza viruses were also occurring at the same 
time. Subsequently, from March to June, the type of in- 
fection changed again and minor outbreaks of influenza A 
infection- occurred in the country. Later on, in November 
1943, influenza appeared in epidemic form and the virus 
responsible was of the A type. This course of events bears 
some similarity to the Argentine records for the years 1940-42 
(Taylor, Parodi, Fernandez & Chialvo, 1942). 

- Finally, the authors discuss the value and limitations of 
the Hirst technique in detecting virus-B infections. Provided 
that the factors causing variation in the inhibition titres of 
any particular serum are fully recognized and suitable pre- 
cautions are taken (Stuart-Harris, 1943), the test is exceedingly 
useful. The authors confirm the findings of Taylor et al. 
(1942) on the value of instilling garglings into ferrets and 
subsequently examining the animal’s serum by the Hirst 
teclmique. Serial passages through ferrets were also found 
to induce a rise in antibody, although no overt symptoms of 
infection could be recognized, 
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influenza ‘‘A’ 

EPIDEMIC 

I^o™®lly. H. P. Hughes, D. Robertson & E. Philipp 
mtish Medical Journal, 1, 42-43, 8/1/44 

™s account, by rnedical officers of the Royal Air Fora 
Inm Air Force, gives clinical and patho 

gra details of an outbreak involving 68 cases at an airfield 
nn airman went sick with symptoms of influenzj 

Anrii single cases occurred or 

and it cases were reported on April 2' 

On A obvious that an epidemic was developing 

u-PTO lEe 30 patients then in sick quarter 

® chest radiography; (ii) diflTerentia 
.riu’oat swabs ; (iv) blood culture 
hlni^ ; (vi) titration of antibodies in th( 

influenza viruses A and B. In most case; 
nasal severe, there was slight soreness of the throat 

vanVd nnd low backache. Temperature 

Sre .“'J F. [about 39°-39-5° C.] 

throai-sutav.^” ^ diagnostic value in the blood counts 
watnimHr, j^^^^rions, or blood cultures. Sputun 
ns disclosed one case of pulmonary tuberculosis 


but otherwise were negative. Only one case showed radio- 
logically congestion and some consoUdation of the right base. 
Titrations of antibodies in 6 cases against influenza viruses A 
and B by the Hirst technique showed no significant change 
in antibody level against virus B, whereas 4 showed a good 
rise (6- to 16-fold) against virus A. It is suggested that 
some of the cases which showed no increase of A-antibodies 
may already have had good A-antibodies in the serum and 
the infection may have failed to cause a further rise (Andrewes, 
1942). The authors discuss the methods of treatment of 
such an epidemic and consider that sulphapyridine was 
useful in preventing subsequent pneumococcal or strepto- 
coccal infections. They also emphasize the importance of 
bearing influenza in mind when patients develop unusual 
symptoms, and they point out that failure to do so may 
mean the introduction of influenzal infection into hospitals. 

Rererence 
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THE INFLUENZA “A” OUTBREAK OF OCTOBER- 
DECEMBER, 1943 

by C. H. Andrewes & R, E. Glover, Lancet, 2, 104-105, 
22/7/44 

During the last three months of 1943 there occurred in 
Britain the most widespread outbreak of influenza since 1937. 
A small number of cases of influenza in the early months of 
the year was found to be due mainly to influenza-virus B ; 
but in April localized and small outbreaks caused by virus A 
began to be observed. Sera from patients involved in the 
main outbreak were examined by workers at the National 
Institute for Medical Research in London and subjected to 
the Hirst test — the titration in sera of the property of in- 
hibiting the agglutination of fowl erythrocytes by influenza 
virus. Serum samples were taken from clinically typical 
patients early in the disease and again 10-14 days later. 
Using a 4-fold rise in titre as significant of infection, 72 % 
of the 60 sera examined were positive for virus A, while if 
a 2-fold rise in titre was taken as significant 82 % had been 
infected ivith virus A. No rises in titre against influenza- 
■virus B were found. 

In addition to the Hirst tests, unfiltered gargh'ngs from 
24 patients were inoculated into ferrets and typical symptoms 
were produced with 14 of the specimens. Material from 
most of the positive or doubtful ferrets was passed intra- 
nasally to more ferrets by inoculating ground suspensions 
of lung and turbinates, or nasal washings. The latter were 
obtained by alloiving the an$sthetized ferret to breathe for 
30 seconds with its nose intermittently under the surface of 
5 cm.® of broth in a Petri dish (Burnet & Bull, 1943). This 
gave material for passage while allowing the animal to be 
kept for serological study. In contrast to results obtained by 
the authors in the previous few years, garglings inoculated 
into ferrets either produced definite symptoms and virus 
was readily transmitted in series, or the tests were unequivo- 
cally negative. 

Adaptation to mice was attempted in 17 instances from 
the ferret material of 9 of the strains. After 2-6 ferret 
passings, pooled lung- and turbinate-suspensions were 
inoculated intranasally into mice without filtration, and at 
least 4 serial passages were carried out. Only 2 of the strains 
could be adapted in this way, despite varioiK expedients to 
improve on these results. Adaptation to chick embryo was 
attempted with filtrates of 4 garglings which were inoculated 
amniotically into 10-day chick embryos. Virus was then 
sought for by Hirst tests on amniotic and allantoic fluid, but 
ivithout success. 

If it t-gri be assumed that the matenal available for the 
present study was representative of that to be found ^he 
country generally, it seems that the October-Dccembcr 19.t3 
outbreak was due to influenza-iirus A. Influenza of a 
similar type occurred in the U.S.A. in the autumn of 1943, and 
it is noted that, there also, the epidemic was preceded in me 
spring by small outbreaks due to A-virus. The ease with 
which ferrets could be infected supports Andrewes (19-.-) 
contention that there may be a correlation between the extent 
of epidemic spread in man and the ease with which laboratory 
animals can be infected. This theory, howe-.er, was no. 
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borne out so far as mice were concerned. The authors 
draw attention to their lack of success in infecting chick 
embryos with human material and suggest that the breed or 
diet of the fowls providing the eggs may be important. 
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INFLUENZA VIRUS AS A LABORATORY CONTAMI- 
NAE^'' 

by C.- H. Andrewes, R. E. Glover, F. Himmelweit & W. 
Smith, British Journal of Experimental Pathology, 25, 130- 
134, August 1944 

It is not generally recognized that viruses can act as con- 
taminants in much the same way as bacteria. Recently- 
developed techniques, such as the blind passage of material 
from one animal to another, increase the chances of such 
contamination : a trace of virus accidentally introduced during 
passage may make its appearance after one or two further 
passages. Workers in the National Institute for Medical 
Research (Hampstead) and at St. Mary's Hospital, London, 
were led to investigate this possibility by two incidents which 
occurred during the course of their own work and the evidence 
they present is highly suggestive. 

The W.S. strain of influenza virus, originally isolated by 
the Hampstead workers in 1933, is antigenically distinct 
from the vast majority of A strains, and in addition it has 
other biological peculiarities. Since 1933, no W.S.-like 
strain has been shown to be the agent responsible for an 
outbreak of influenza. Yet W.S. virus has made its appear- 
ance in ^'arious laboratories under the following circum- 
stances : (i) Worker A in country Z recovered an influenza A 
strain serologically like W.S. from an outbreak. The strain 
was. at the time, the only one known to have been isolated 
by this worker. The Hampstead laboratory had previously 
'ent W.S. virus to A. (ii) Worker B in country Z also 
recovered a W.S.-like strain from an outbreak and he too 
had previously been sent the W.S. strain, (iii) Worker C 
in country X recovered a single strain of the W.S. type from 
an outbreak. None of the numerous strains recovered by 
other workers from the same outbreak was like the 
W.S. strain. W.S. virus had previously been sent to C. 
(iv) Worker D in countiy Y recovered W.S. virus from normal 
mice, although other workers have failed repeatedly to do 
so. W.S. virus had been previously sent to D. (v) Worker E 
in country W recovered the only strain known to have been 
found by him from an influenza patient. This strain was 
identical with the W.S. strain previously supplied to him. 
(vi) Worker F in countiy V recovered several strains of 
influenza from normal carriers although other workers have 
failed to do so. One of these strains proved to be exactly 
like the W.S. virus previously sent to him. 

In addition to this evidence, certain happenings in the 
authors’ own laboratories strengthened their suspicions. 
W.S. virus, for example, was recovered from vaccinia virus 
which was being used to infect mice ; a different strain of 
virus sent to a worker G was found to be contaminated with 
W.S. virus after a few mouse-passages ; another worker 
recovered the W.S. strain after a few passages in mice from 
material from a sufferer from the common cold. At the 
time of all of these incidents, W.S. virus was under study in 
the laboratories concerned. Three further accidents of a 
similar nature also occurred in the same laboratories at a 
time when the influenza-virus strain PR8 was under study. 
In these three cases the contaminating organism was the 
PR8 strain. 

In yiew of the possible transference of influenza infection 
frotn /mouse to mouse within a cage, or from cage to cage, 
expmments were undertaken to determine whether this was 
a' possible explanation of virus contamination. An attempt 
was made to confirm the experiments of Eaton (1940) who 
h^d shown that influenza could spread readily frorn mice 
infected with heavy doses of virus. The early experiments 
seemed to confirm the American work, but later it became 
much more difficult to demonstrate spread of the virus 


among mice. In any event, infection of normal stock is 
unlikely to explain the contamination since laboratory 
infection does not spread from one mouse jar to another. 

While it is possible that some of the 14 instances described 
in this paper may be explained on other grounds than as 
contamination, the evidence presented is very suggestive 
It seems that influenza virus may appear as a laboratory 
contaminant under conditions not yet understood. The 
important implications of this work are obvious, and the 
authors make the useful suggestion that, where a’ strain of 
viru.c is recovered under unusual circumstances, it should 
be stated whether stock strains of the particular virus have 
or have not been recently under study in the laboratory 
concerned. 
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POLIOMYELITIS : EXPERIMENTAL WORK IN EGYPT 
by C. E. van Rooyen & A. D. Morgan, Edinburgh Medical 
Journal, 50, 705-720, December 1943 


During the years 1941 and 1942, 106 cases of poliomyelitis 
occurred among troops of the Middle East Forces, and of 
these 33 died. The present paper by two British Army 
pathologists gives clinical and histological details of 7 of the 
fatal cases together with an account of the methods adopted 
in demonstrating the infecting virus. 


The lesions encountered were in the main similar to those 
found in England except that they were more extensive and 
severe. While the severity varied at different levels, patho- 
logical changes were usually found throughout the length of 
the cord. The anterior horn cells showed swelling, loss of 
outline, chromatolysis and karyolysis, only an occasional cell 
at the periphery of the grey matter escaping. Infiltration 
with polymorphs and lymphocytes (the former predominating 
in fulminating lesions) was observed throughout cross sections 
of the grey matter. It was noted that while almost all cases 
died of medullary failure extensive lesions were usually 
found as high as the pons and mid-brain and even in cases 
showing nothing but bulbar paralysis slight lesions could be 
found as low as the lumbar enlargement. 


The experimental animals employed in the study were the 
Sudanese monkey, Cercopithecus aethiops, and the Abyssinian 
Daboon, Papio hamadryas. The latter species was found to 
je highly susceptible to the disease. Segments of spinal 
:ord from fatal cases of poliomyelitis were emulsified in 
’lycerol saline of pH 7-2, allowed to stand for 3 days and 
hen tested by aerobic and anaerobic culture for viable 
bacteria. Thereafter a 1 : 20 emulsion of the tissue was 
prepared, centrifuged at 3000 revolutions per minute for 
50 minutes, and 0-25 cm.® of the supernatant fluid \yas 
noculated intracerebrally. By this technique poliomyeh'tis 
rirus was demonstrated in 6 of the 7 fatal cases, the animals 
jsually dying in from 5-8 days with the typical clinical and 
listological features of poliomyelitis. In view of the ease 
ivith which the disease could be induced in C. aethiops an 
ittempt was made to test the prophylactic and curative e^ 
3 f sodium sulphadiazine in experimental Infections. e 
Irug had no appreciable effect on either of the two monkeys 
ased. 

In addition to known cases of poliomyelitis, a small number 
3 f neurological cases in which the clinical signs were sugges ive 
jither of choriomeningitis, encephalitis, or brachial neuntis 
were also investigated. Tests were made at the oc 'e 
Institute for Medical Research to ascertain 
3f these patients contained | S 

i number of known virus infections. 

if 11 of these cases gave positive protection when subjected 
protection test. A control experiment witn sera from normal 
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troops would have enhanced the value of these observations. 
The authors conclude this paper by no'ing the striking 
difference in the incidence of poliomyelitis among the troops 
compared uith that among the civilian Egj'ptian populatioii. 
According to atuilablc evidence only 1 1 eases of poliomyelitis 
occurred in EgvTt during the years 1938 and 1939. 


poliomyelitis than in the milder eases. It is noted, however, 
that the faeces from the fatal eases were collected earlier in 
the course of the disease (from 3-10 days) than in the other 
eases. All tests for virus in the stools from cases other than 
typical poliomyelitis were negative. 
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POLIOMYELITIS IN BRITISH AND AMERICAN 
TROOPS IN THE hUDDLE EAST : THE ISOLATION 
OF YTRUS FROM HUMAN FAECES 
by J. R. Paul, W. P. Havens &. C, E. van Rooyen, British 
Medical Journal, 1, 841-843, lAjCtjAA 
The present report, by pathologists of tire American and 
British Forces, is mainly concerned with attempts to isolate 
virus from the stools of t^Tiical and borderline eases of polio- 
myelitis which occurred among troops stationed in Libya, 
Egipt and Palestine. They, sought to establish the local 
value of the procedure in diagnosis, and to find out whether 
adult sporadic cases harbour the virus in the intestinal tract 
in the same way as juvenile cases do in areas where the 
disease is epidemic. Not much help was obtained in ex- 
plaining the e.\treme severity of the typw of poliomyelitis 
met with by studying the published information about the 
disease in the countries concerned. Only 13 eases were 
officially recorded for the ixiars 1938 and 1939 in Egypt, but 
unofficial records suggest that poliomyelitis was not un- 
common especially among children under 5 years of age. 
Records also suggest that it is not rare in Palestine, especially 
among Jewish children. 

Among British troops 74 eases occurred in 1941, with 
19 deaths, white in 1942 there were 32 eases with 14 deaths. 
The rate among American troops in the Middle East during 
the first 10 months of 1943 was more than 10 times that 
recorded in the U.S.A. for a similar period. Attempts to 
obtain an epidemioloscal link between 10 of the military 
cases and cases occurring among the civilian population were 
unsuccessful; the military cases were ubiquitous in their 
place of origin and no two patients seemed to have been in 
contact. 

The advantages of testing stools rather than nasopharyngeal 
washings in poh'omyehtis rest on the fact that in juvenile 
cases the virus remains in the intestinal tract for some 20 days 
whereas it is present for only 2 to 4 days in the nasopharynx. 
Information about the presence of virus in the stools of 
adults, however, is. incomplete. Stool specimens from 
35 patients and contacts were tested; 17 of these were 
American and 18 British. Five types' of case, were studied: 

(i) 15 typical cases of poliomyelitis, 10 of which were fatal ; 

(ii) 5 cases diagnosed as polio-encephalitis ; (iii) 6 cases 
diagnosed as acute benign lymphocytic meningitis ; (iv) 6 
cases of localised neuritis ; (v) 3 poliomyelitis contacts. 

Methods employed in demonstrating the virus were to 
keep stool specimens or enema material refrigerated not 
more than two weeks before preparing a 10 % suspension 
in sterile distilled water and allowing it to settle at room 
temperature. The supernatant fluid was then divided and 
part was instilled in 3 cm.® amounts into the nostrils of a 
monkey on three or four successive days. The second part 
of the fluid was inunediately centrifuged and 15 % ether was 
added to the supernatant and refrigerated for 48-72 hours 
before intraperitoneal inoculation in 15-20 cm.® quantities 
into the same monkey. Five different species of monkey 
were used in these experiments ; (i) grivet monkeys, Cerco- 
pithecHs griseoviridis ; (ii) Central African veryet mordceys, 
Cercopitheciis aethiops centralis ; (iii) small immature 
Abyssinian baboons, Papio hamadryas ; (iv) Hussar monkeys, 
Erythrocehiis patas ; (v) the' bonnet monkey, Macacus 

radiata. The first four of these species were shown to be 
susceptible to poliomyelitis virus but the fifth was not 
adequately tested. In all, 44 monkeys were used, 6 of them 
twice. 

Of the 15 poliomyelitis cases tested, the stools in 9 were 
shown to 'contain virus. Positive results vvere based^ on 
clinical signs, such as weakness and paralysis, and on histo- 
pathological evidence from the medidla and cord of infected 
animals. AH patients from whom virus was obtained died. 
The results suggested that the amount of virus present in 
the intestinal tract was greater in the more severe cases of 
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ULTRAMICROSCOPICAL OBSERVATIONS ON THE 
MORPHOLOGY AND DEVELOPMENT OF VACCINIA 
VIRUS IN VITRO 

by K. B. E. Mcrling, British Journal of Experimental Path- 
ology, 24, 240-245, December 1943 

The morphological appearances of living vaccim'a virus in the 
comcal cells of rabbits have already been described by the 
author, who is a research fellow at the Bland-Sutton Institute 
of Pathology in London. In the present paper he report a 
study of the life-cycle of vaccinia virus and describes survival 
of the virus in vitro in its various forms. The eyes of rabbits 
were scarified with the virus and, after keratitis bad deyeloped, 
thin tangential sections were cut with a sharp knife, while 
from the deeper layers scrapings vvere obtained with the 
blade of a knife. Control preparations from uninoculated 
eyes were also made. The material was placed in a drop of 
tyrode solution on a thin slide under a cover sUp, which was 
sealed with paraffin wax. Observations vvere carried out at 
room temperature or on a warm stage at 37 C. using optical 
systems giving a high degree of resolution at the hipest 
magnifications with dark-ground illumination. A number of 
photomicrographs of the more important findings are 
printed in the text and study of these is essential for appre- 
ciation of this article. It is not possible to d^cribe these 
fully here, but the three forms of vaccinia virus which represent 
its life-cycle can be readily seen. Elementaiy bodies, discs 
and spneres together with secondary or daughter-cysts are 
illustrated. In some of the photographs of chain formations 
caps occur and these are occupied by discs which are not 
recorded owing to their low brightness. No connecting 
filaments, as described by Paschen (1906) and Prowazek 
(1907) vvere visible. One photomicrograph shows the 
elementary bodies at a magnification of 2900, and clearly 
demonstrates their oblong shape. The resolution achieved 
in this photograph is remarkable because it is beyond the 
predicted possibiUties of the Abbe and other image-forma- 
tion theories of the microscope. The raising of the limit of 
resolution and of magnification was achieved by reduang 
the intensity of the fight-source by polarized discs to such a 
degree as to produce coincidence betvyeen the minimum of 
photographic registration and the physiological thresholds of 
perception and differentiation of two light intensities. 

Other fi^es iUustrate large numbeis of small colonies of 
virus which appear to have a very thin membrane holding 
their contents together. The small cysts are not round, as is 
the rule with those formed from cell extensions, but appear 
in a variety of shapes whose most impressive feature is chmge. 
On examining these cysts a week later, they appear to have 
grown to large dimensions, measuring 20 X 30 (i across their 
two diameters. The cysts may then stretch and divide into 
two or more, and following the division they may move across 
the field. Continuous small cysts are formed, grow and 
divide in seemingly endless repetition until about six weeks 
after the material is taken from the animal, when the process 
slowly comes to an end. It was noted that the formation of 
new colonies could take place after the complete disappear- 
ance of host-cells and of their broken frapients : evidently 
the metabolic products present in the liquid were 
sufficient for the development of new colonies. Gradually, 
however, the cysts cease to be formed and the number ot 
free-moving bodies also decreases. The end of the pro^ 
of development of the virus in these specimens vvas immobili- 
zation with loss of brightness of the virus bodies. Control 
specimens of normal cornea kept for the rame time shovved 
cells in varying degrees of disintegration, but vvere negative 
for virus bodies. 
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INCLUSION BODIES IN ASSOCIATION WITH TYPHUS 
RICKETTSIAE 

by A. M. Begg; F. Fulton & M. van den Ende, Journal of 
Pathology and Bacteriology, 56, 109-1 14, January 1944 

When typhus rickettsiae have become well adapted to a 
particular animal host, the organisms usually appear in the 
form of typical minute bacillary and coccobacillary forms ; 
in smears from the tissues or exudates of infected animals 
the rickettsiae are to be found in large numbers in the cyto- 
plasm of mononuclear cells as -Well as extracellularly. In 
this study by Begg and his colleagues at the National In- 
stitute for Medical Research, the appearances seen in the 
lungs of animals during the adaptation of rickettsiae to a 
new host-species have been followed. 

Most of the observations were made on lung impression- 
preparations stained by Macchiavello’s method. VWien the 
mouse-lung-adapted strain of the epidemic type (Breinl 
strain) was passed into the lungs of rabbits, no bacillary 
forms were found at first, but only small intrac 3 doplasmic 
homogeneous inclusion bodies ; with repeated passage, 
small granular inclusions, in some cases obvious small 
clusters of rickettsiae (morulae), began to appear in some 
cells ; and in later animals, when the strain had become 
adapted to the rabbit and regularly produced consolidation 
of the lungs, rickettsiae were also found diffusely scattered in 
the cytoplasm of cells as well as extracellularly. 

When mouse-lung-adapted rickettsiae of the murine type 
were passed into the lungs of rats homogeneous inclusion 
bodies were not found, but all stages described in the rabbit, 
from the morula onwards, were seen. Homogeneous in- 
clusion bodies were not found in the lungs of mice at any 
stage of the infection with mouse-lung-adapted strains. 
However, while new strains from infected guinea-pig brain 
were being adapted to mouse lung, these inclusion. bodies 
were easily found. As during adaptation to rabbit lung, the 
homogeneous inclusion bodies began to decline in number 
with the appearance of morulae and bacillary forms. The 
various forms described in lung preparations are beautifully 
illustrated by photomicrographs in colour. The authors 
believe that the homogeneous inclusion bodies occur only 
during adaptation of a strain of rickettsi® to a new host, and 
it is suggested that the morulae are more common when the 
invaded cell is somewhat resistant. While it appears that 
the homogeneous inclusions may be the most immature 
forms of morula, the authors consider that the evidence 
provided by ultra-violet photomicrography is rather against 
this view. 
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RICKETTSIAL AGGLUTINATION STUDIES IN TY- 
PHUS FEVER 

by C. H. Stuart-Harris, G. K. C. Rettie & J. O. Oliver, 
Lancet, 2, 537-538,. 30/10/43 

This work, by a group of army pathologists engaged in 
typhus research, afibrds further evidence of the value of 
agglutination tests with suspensions of typhus rickettsiae in 
this disease. The suspensions were prepared from infected 
mouse lungs, 3 strains of rickettsiae being employed. These 
were the Wilmington murine strain, the classical Breinl 
strain of epidemic typhus, and a strain isolated in 1942 by 
van Rooyen from a case of louse-borne typhus in Cairo. 

Sera were examined from nine cases of louse-bome typhus 
fever which had occurred in the West of Ireland in 1942, as 
recorded by McConn (1943). The sera were obtained 2 to 
5 months after subsidence of the fever. Significantly high 
titres of agglutinins to Proteus 0X19 were present in the sera 
of 5 of the 9 cases and high 0X2 titres in 2 of these and 1 
other. Rickettsial agglutinins to the Cairo strain were 
present in 7 sera and 2 of these showed no ag^utinins to 
the Breinl or murine rickettsiae. Five of the sera reacted 
with all 3 rickettsial strains ; 4 of these showed a higher 
titre with the epidemic than with the murine organism, the 
fifth having similar titres with all 3 strains. 

The authors note that, whUe sera from human cases of 
typhus fever usuaUy showed both rickettsial and 0X19 
agglutinins, experimental infection of guinea-pigs and rabbits 


produced sera which agglutinated rickettsiae but had either 
no, or only a weak, titre of agglutinins to 0X19. A com 
parison of the results with sera from cases of typhus fever 
and from experimentally infected rabbits and guinea-pies 
showed that, with human and rabbit sera, the titre of agdu 
tinins for the infecting type of rickettsiae— epidemic o^ 
murine— was higher than for the other type, but that some 
cross-agglutination occurred in each case ; with guinea-pig 
sera, however, the agglutinins tended to be specific for the 
infecting orgam'sms. Cross-absorption of rabbit immune- 
sera with suspensions of rickettsiae of the 2 types supported 
other evidence that the 2 species of rickettsiae— R. prowazeki 
and R. ntooseri— possess specific as well as a common antigen. 

These findings together with the work of van Rooyen & 
Bearcroft (1943) and others suggest that rickettsial agglu- 
tination tests with the sera of typhus patients are more 
Ukely to indicate the nature of the infecting strain of rickett- 
siae than are Weil-Fclix tests. The data available indicate 
that the cases of typhus in Ireland were due to R. prowazeki. 
The authors comment on the absence of a typhus epidemic 
from this part of Ireland since 1905, and speculate on the 
mode of survival of the orgam’sm in inter-epidemic times. 
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ENDEMIC TYPHUS FEVER IN DIEGO SUAREZ, 
MADAGASCAR 

by C, G. Baker, G. T. L. Archer & G. B. Mitchell-Heggs, 
British Medical Journal, 2, 506-508, 23/10/43 

According to the local pubh'c health report for Madagascar 
in 1940, it was believed that the typhus group of diseases did 
not occur on the island. Major Baker and his colleagues in 
the Royal Army Medical Corps, however, have recorded in 
this paper a series of 10 cases which, in their cliiucal aspects, 
were typical typhus infections of mild or moderate degree of 
severity. The cases occurred among Service imits in 1942. 
The clinical features of the illness are discussed and symptoms 
are tabulated. All 10 patients showed agglutinins in their 
serum to Proteus 0X19 in dilutions of 1 : 200 or more, and 
in several of the patients in whom repeated examinations were 
made the agglutinin curve showed the typical rise and fall. 
Titres for OXK were negUgible, and in only 1 patient was the 
titre for 0X2 as high as for 0X19. The authors were unable 
to decide which insect vector had been concerned in the trans- 
mission of infection. None of the patients was louse- 
infested, but all had been bitten by insects recently; fleas 
from rats found in the native huts, which were at one time 
used by a few of the men for a short period, and fleas from 
rats living in an ammunition dump, which had been guarded 
in turn by most of the patients, were possible vectors; Xeno- 
psylla cheopsis and X. braziliensis were found in rats cau^t in 
the neighbourhood, and ticks infested almost every dog in the 
district. Lack of facilities prevented laboratory investigation 
to determine the insect vector and possible ammal reservoir. 
The authors suggest that the results of the Weil-Felix tests 
resemble those which occur in the “ 0X19 group ” of typhus 
cases in India. 
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VACCINATION AGAINST TYPHUS FEVER 


ly J. B. Penfold, British Medical Journal, 1, 114, 22/1/44 

Agglutinins to Proteus 0X19, 0X2 and OXK susprensioM 
re usually absent, or preseiit in only low dilutions, in the 
>lood serum of the normal English population. Felix (1944) 
las recorded the agglutinin titres for these suspensions in 
he blood serum of persons who had been inoculated wth 

■accines of typhus rickettsiae. . 

Dr. Penfold, a member of the Emergency Medical Semce, 
las recorded similar findings in 23 persons who had been 
aoculated with a typhus vaccine prepared m Toronto from 
, louse-bome strain of Rickettsia prowazekt^ 
olk-sac of chick embryos. Each peraon received 0 25 cm. , 

I ^ (-m 3 nnd t'O cm * of vaccine subcutaneously at weekly 
3 moV later a fourth dose of I-O ou,. 


Samples of blood were obtained for test 0) before the first 
injection, fii) a fortnight after the third injection, (iii) before 
and Gv) a fortnight after the fourtli injection. Sera were tested 
in dilutions from 1 : 5 to 1 : 640 with suspensions of Proteus 
0X19, 0X2 and OXK. The tests were kept 4 hours at 
56° C. and overnight at room-temperature before the results 
were read. 

In the majority of eases there was an increase in the titre 
of agglutinins to all three suspensions after the first three 
injections. After the fourth injection the titres fpr 0X19 
and 0X2 again rose, while the OXK. titres were not appre- 
ciably altered. E\en after the fourth injection, however, the 
highest titre for 0X19 w.as 1:160 and for 0X2, 1:80. 
If an increase of more than 100 % in agglutinin titre for 
0X19 is regarded as significant, 14 of the 23 (61 %) showed 
it after the first three injections and 17 (74 after the fourth 
injection of the rickettsial vaccine. Reactions to the in- 
jections of s-accine were usually slight. 
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NOTES ON TYPHUS FEVER IN THE NHODLE EAST 
by W. Brockbank & S. R. F. Whittaker, Lancet, 1, 150-151, 
29/1/44 

The authors record clinical observations and laborator)' 
fintogs in 10 sporadic eases of typhus fever admitted to a 
military hospital in the Middle East over a picriod of three 
months. All the patients were British soldiers and most 
of them had duties which brought them into close contact 
with civilian labour. Evidence of lice was found only in 

1 case. Of the 10 cases, 8 were admitted to general wards 
where they remained until the rash appeared on the fifth 
or sixth day of illness. The authors comment on the diffi- 
culty of early diagnosis in the absence of an epidemic. In 

2 cases, appearance of the rash was delayed until the lOth 
day and in these 2 the Weil-Felix test was of considerable 
help. In all cases the titre of agglutinins for 0X19 was 
1 : 120^ or higher at some stage of the illness but, with the 
exception of the 2 cases in which the I'ash appeared late, the 
^ults were not significant until the clinical diagnosis was 
fairly certain. In 3 cases, the titre of agglutinins was higher 

0X19, in 6 it was higher for 0X19 than for 
0X2, while in _1 patient, who died on the 9th day of illness, 
the titre was the same (1 : 120) for both suspensions. In 
o c^es specific rickettsial agglutination tests were made by 
Major van Rooyen at the Central Pathological Laboratory, 
Middle^ East Forces, and the diagnosis of louse-borne or 
epidemic typhus was confirmed. No case of cross-infection 
occurred, although several patients had been in general wards 
before delousing was carried out. 
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dry blood test for typhus FEVER : Preliminary 
Report 

by P. N. Bardhan, N. Tyagi & K. Boutros, British Medical 
Journal, 1, 253-254, 19/2/44 

^s preliminary report by medical officers of the Army 
edical Corps from a field laboratory with the Middle East 
orce deals with a slide agglutination test; such tests have 
b^n used in the German Army on their Eastern Front 
Where ^^hus fever has been a considerable risk during the 
war. The authors used a simple technique: two drops of 
ood obtained by pricking the ear or a finger were placed on 
a clem glass slide and allowed to dry. A drop of concen- 
rated suspension of Proteus 0X19 was placed on one blood 
rop and 0X2 suspension on the other. The slide was allowed 
o stand for one minute and then the blood was mixed with 
M rocking the slide. The slide, was set 

occasionally; the results were read after 
0 minutes with the naked eye and confirmed with the 
hand lens if necessary. 

Blood specimens from 640 Egyptian labourers in various 
rnilitary control were examined. Thirteen 
specimens gave posiUve results with 0X19, and 2 of these 


were positive to 0X2 as well. These 13 were further ex- 
amined by a complete Wcil-Fclix test in agglutination 
tubes. Of the 13 sera, 7 gave positive results with 0X19 
suspension, and 2 of these 7 agglutinated 0X2 to a dilution 
of 1 : 50. These last 2 were from the same persons whose 
blood had given the positive results with 0X2 on the slide. 
Wcil-Fclix tests were repeated at 4-7 day intervals on the 
7 patients giving positive results. All of them gave a positive 
reaction to 0X19 in scrum dilutions of 1 in 250 or more 
in at least one of the tests. The history of these men showed 
that 3 were typhus cases, 2 were recently convalescent from 
typhus fever, while the remaining 2 could not be traced. 

These observations suggested that, while all the typhus 
fever cases gave a positive slide test, a positive result with 
the slide lest did not necessarily indicate a typhus infection. 
Tliirty-thrcc of the bloods which had given a negative slide 
test were tested by the full Weil-Felix technique ; 25 of these 
were negative at 1 : 25 scrum dilution, while none of the 
remaining 8 were positive in a serum dilution higher than 
1 : 50 with cither 0X19 or 0X2 suspension. The authors 
suggest that the slide test with dried blood might serve as a 
useful preliminary' diagnostic method and that a complete 
Wcil-Fclix test need not be done unless the slide test is 
positive ; they recommend that the slide method be tried 
out on a more extensive scale. 
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TECHNIQUE AND INTERPRETATION OF THE WEIL- 
FELIX TEST IN TYPHUS FEVER 

by A. Felix, Transactions of the Royal Society of Tropical 
Medicine and Hygiene, 37, 321-341, March 1944 


As suspensions of rickettsiae are not yet generally available 
for routine use in the diagnosis of the typhus group of fevers, 
the Weil-Felix reaction is likely to remain the standard test 
in many laboratories for some time. This article, written 
by one of the originators of the test at present working for 
the Emergency Public Health Laboratory Service, should 
prove helpful to pathologists required to assist in the diagnosis 
of suspected cases of typhus fever. The greater part of the 
paper is concerned with louse-borne typhus. Curves of 
agglutinin response to Proteus 0X19 and 0X2 in the sera 
of typhus patients studied in Poland and Turkey by the 
author during the last war are reproduced. The majority 
of cases of louse-borne typhus develop agglutinins for 0X19 
about the 4th or 5th day of illness, and the maximum titres 
reached are high. Moderately severe cases tend to show 
this type of response. In the most severe cases, however, a 
positive reaction tends to appear later, about the 6th or 7th 
day and the maximum titre reached is usually low (below 
1 : 5000). The mildest cases may have either very low or 
high titres. 

It is pointed out that, in sera from persons in countnes 
free from typhus, agglutinins for Proteus 0X19 and 0X2 are 
only occasionally present, and then usually of titres below 
1 : 100, which is frequently taken as the limit of normal 
agglutinins. In countries where tj'phus is endemic, agglu- 
tinins of much higher titre may be present in the sera of 
persons who have suffered from clinical or inapparent in- 
fection many months previously. Non-specific stimulation 
of OX agglutinins by other febrile infections (anamnestic 
rise) does not occur. Felix’s experience agrees wiffi that 
of Penfold (1944) in showing that 0X19 agglutimns are 
produced irregularly, and only to low titre, following vac- 
cination of healthy subjects with egg-yolk rickettsial vaccine ; 
such agglutinins do not affect the diagnostic value of the 
Weil-Felix test, as a rising cur\'e of OX agglutinins is diag- 
nostic of typhus in the inoculated as well as in the umnocu- 
lated Repeated tests on the serum are of especial importance 
in early diagnosis. When only the results of a single test 
are available, complete agglutination of a standard suspension 
in a serum dilution of 1 : 100 may be considered significant in 
an uninoculated person who is not a native of an endemic area. 
If the patient has been inoculated with rickettsial saceme 
2 or 3 months before his iUness, complete agglutination at 
a titre of 1 : 200 or more may be regarded as strongly sug- 
gestive. Lower titres than these in the early stage of illness 

should not be ignored. . — 3 r- 

The author recommends keeping the tests at j/ 

2 hours and overm'ght at room-temperature before the final 
reading of results; the simple slide tests (see Barchan, 
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Tyagi & Boutros, 1944) may be of value under the excep- 
tional conditions which call for their use. 

In murine typhus, agglutinins for 0X19 generally appear 
in the patient’s senim during the febrile period and have the 
same significance as in louse-borne typhus ; these two varieties 
of the disease can be differentiated serologically only by tests 
with rickettsial suspensions (van Rooyen & Bearcroft, 1943 ; 
Stuart-Harris, Rettie & Oliver, 1943). 

In the mild tick-borne typhus fever of the countries bor- 
dering the Mediterranean (fievre boutonneuse), irregular 
results are obtained in agglutination tests with Proteus OX 
antigens. Significant reactions occur late in the disease and 
the titres are usually lower than in louse-borne typhus ; 
agglutinins for 0X2 are usually higher than for 0X19. 
In tick-borne typhus in India, the types of agglutinin re- 
sponse to OX antigens have not yet been established. In 
scrub typhus or tsutsugamushi of the Far East, agglutinins 
for Proteus OXK only appear in the blood. The aggluti- 
nation tests with this antigen are more liable to give false 
results owing to instability of the suspensions, which are 
more liable to agglutination with normal human serum. 
The significant titre of agglutinins is usually taken as 1 : 200. 
The agglutinins, however, rarely appear before the 2nd 
week and may not reach a maximum until the 3rd or 4th 
week from the onset of illness. 
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ber 31, while still aboard ship, suffered from headache 
cough and general muscular pains ; his temperature was 
102° F. [about 39° C.]. Bronchitis was diagnosed. From 
the sick-quarters on the ship he was admitted to hospital in 
Scotland on January 5, 1 944. At this time the patient looked 
toxic and complained of severe headache, sore throat and 
cough. He had a rigor and collapsed before being put to 
bed, and on examination he was flushed and there were 
muco-pus in the nose and throat, definite bronchitis, slight 
general adenitis, and slight neck rigidity. His temperature 
was 103° F., pulse rate 80 and respirations 22 per minute. 
The patient’s condition became slowly worse ; on January 7, 
he was drowsy, restless and irritable ; next day there was 
meningism, Cheyne-Stokes type of respiration and more 
definite evidence of bronchopneumonia, A Widal test was 
negative at this time. On January 9 a sparse macular rash, 
dusky red in colour, was present on the flanks and anterior 
aspects of the shoulders ; the following day the Weil-Felix 
reaction was reported positive. After this date the patient 
slowly improved and by January 17, the temperature, pulse- 
rate and respirations were normal. The Weil-Felix test was 
repeated on January 15 and February 21. The highest titre 
of agglutinins in the patient’s serum was recorded on Janu- 
ary 15 when it was 1 : 12,800 for 0X19 ; 1 ;400 for 0X2; 
and 1 : 25 for OXK suspensions. 

The decisive stages in reading a correct diagnosis were : 
(i) the recognition of typhus fever as a possible cause of the 
illness; (ii) the appearance of the rash; (iii) the positive 
Weil-Felix test. The authors consider that the patient 
acquired his infection before embarkation on December 20. 
The precautionary measures taken to prevent contact infec- 
tion in the hospital are described. No secondary cases 
occurred and none of the other patients from the ship 
developed a positive Weil-Felix reaction. 
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NOTE ON THE PREPARATION OF SUSPENSIONS 
FOR THE WEIL-FELIX TEST 

by R. F. Bridges, Transactions of the Royal Society of Tropical 
Medicine and Hygiene, 37, 343-344, March 1944 

Lt.-Col. Bridges, of the Medical Research Council Standards 
Laboratory at Oxford, here gives details of the method used 
in the preparation of suspensions of the 3 Proteus OX 
strains that are employed in the Weil-Felbc test. Cultures 
known to be suitable by preliminary tests with typhus serum 
are used. Roux bottles of agar are inoculated from 24-hour 
cultures in broth. After incubation of the Roux bottles 
for 24 hours, the growth is washed off with a small quantity 
of saline. The resulting suspension is filtered through cotton 
wool into screw-capped bottles and 4 volumes of 96% 
alcohol are added to 1 volume of suspension. The mixture 
is shaken thoroughly during the course of 1 hour ; the super- 
natant alcohol is sucked off as far as possible and the 
remainder removed after centrifugation. The deposit of 
organisms is suspended in saline and shaken thoroughly 
to smooth out clumps ; 2% buffered formol-saline (pH 7-Q 
is added to make the final concentration of formalin 0-25 %. 
The suspension is standardized by the addition of further 
saline and buffered formol-saline, to a density equivalent to 
4,500 million Bact. coli per ml. In the case of OXK sus- 
pension, the alcoholized organisms should be're-suspended in 
sterile distilled water in place of saline, and all further 
dilutions should be made with distilled water ; the 2 % 
formalin may be added in the form of buffered formol- 
saline as in the case of 0X19 and 0X2 strains. 
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TYPHUS FEVER IN GREAT BRITAIN 

by A. P. Agnew & W. B. Kyles, British Medical Journal, 2, 

10-11, 1/7/44 

Although typhus fever has long since ceased to be endemic 
in Britain, the case recorded by Drs. Agnew and Kyles of 
the Emergency Medical Service in Scotland emphasizes the 
necessity of keeping this disease in mind in cases of unex- 
plained pyrexia, especially among men who have recently 
returned from abroad. 

The patient had embarked on December 20, 1943, from 
an area in which typhus fever was prevalent and on Decem- 
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DUST AS VEHICLE OF INFECTION IN CHILDREN’S 
WARDS 

by E. D. Hoare, J. R. O’Brien & A. G. Watkins, Lancet. 2, 
666-667, 27/11/43 

The pathogenicity of Proteus morgani has not been fully 
proven, and this report is not designed to bring evidence in 
this respect but rather to show the possible ways in which an 
orgam'sm of intestinal origin may spread throughout a ward. 
The paper comes from the Royal Infirmary, Cardiff, where 
Watkins is Physician in Children’s Diseases. , Hoare and 
O’Brien are on the staff of the Pathological Department of 
the Welsh National School of Medicine. 

In a period of six months there were 14 infections with 
Proteus morgani in children in one ward, 10 of these appeariiig 
after admission. The infections were intestinal except in 
1 case in which ‘burns became infected. The infections 
could not be traced to the contamination of food dunng 
preparation or serving. Morgan’s bacillus was, 
isolated from the air and the dust of the ward, 
linen, although not directly fouled by urine or fsces, and from 
flies. ExperimentaUy, the organism was shown to survive 
81 days on a blanket and up to 10 days in dust, and it cou 
still be found on woollen garments after washing 
warm water. SteriUzation of these garments or of blanxe^ 
could be effected by exposing them for one hour to formalde- 
hyde in a closed chamber. 


MOLYTIC STREPTOCOCCI IN THE DUST OF 
PITAL WARDS, AND THEIR RELATIONSHIP TO 
•mON • A Report to the Medical Research CouncU 
* G. ff. Edward, Journal of Hygiene, 43, 256-265, January 

nirt olaved by dust in producing cross-infection has 
part PJayeo ^ increasing attention in recent years. 

the subject of ncreas g 


£• ' 



investoUons on the dusl in the wards of 2 coutraslinp, types 
or hospital. The first inN-csiigation was made m the com- 
L, nose, throat and eye ward (D of an rntprovsed 
Lercency Medical Scrs'icc hospital. Tlic sNond inscsti- 
gauon was made in the children’s ward (11) of another 
hospital. Ground-plans of these wards arc reproduced m 
the original paper. In both cases, examinations of ward-dust 
\rere made weekly for a period of about 6 months. 

The dust of \\‘ard I contained 300,000, and the dusl oi 
\«rd n 250,000, haemolytic streptococci per Prar"- Sero- 
logical e.\aminalion showed that about 33 % of the 
tococci isolated front the dusl of ward I, and about SO /o 
of those from ward II, were of group A. Examinations m 
swabs from throats and septic lesions of patients and staff 
showed that 27-8% of ward II patients were infected xyith 
haemDljlic streptococci either on admission or at some time 
during their stay in hospital. The incidence of infection 
acquired in hospital was more than 12‘2%. Typing of the 
orginisms showed that the occurrence of a particular type 
in the dust often resulted from the presence of one or more 
infected persons in the ward. Conversely, it often happened 
that a particular type occurred in the dust before it w’as 
identified among inmates or staff of the war'd. ^ These strains 
may have been introduced to the ward by NnsitoR. 

There is as yet no definite evidence as to the significance of 
the presence of viable p.athogenic bacteria in dust, and tire 
investigations reported did not reveal a conclusive c.\arnple 
of hospital cross-infection conveyed by dust. In the original 
paper the findings are reported in considerable detail. 
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SOME OBSERVATIONS ON HOSPITAL DUST 3VITH 
SPECIAL REFERENCE TO LIGHT AS A HYGIENIC 
S.\FEGUARD 

by L. P. Garrod, British MedicalJaurml, 1. 245-247, 19/2/44 
The author, who is professor of bacteriology in the University 
of London and bacteriologist to St. £ar//io 7 omcw's Hospital, 
studied the relation of dust to streptococcal cross-infections 
in hospital wards by determining the extent to which Group A 
haemolytic streptococci could be isolated from dust samples 
taken at different sites in the wards. It was readily shown 
that dust on the floors close to streptococcal cases and 
carriers had a high content of the organisms. Of samples 
from wards on the ground floor of the hospital, 72 % yielded 
haemolytic streptococci, whereas only 18 % of samples from 
the upper floor wards were positive. The lower floors were 
dark owing to the construction -of Jhrick walls- in frnnt - o f the 
windows, as a protection against bomb-blast, and it seemed 
probable that the comparatively low content of streptococci 
in the dust from the upper wards might be related to the free 
access of light. . . . 

Samples taken from different sites supported this view. 
Dust from, for example, well-lit window-ledges showed few 
haemolytic streptococci, while large numbers were usually 
isolated from darker situations. Streptococci in pus dned 
on slides survived longest in the refrigerator or a dark t:u^ 
board. They died much sooner in diffuse daylight and stiU 
more rapidly in a position exposed to sunhght, even though 
two layers of glass intervened. 

Experiments were made with dust obtained with a vacu^- 
cl^er from floors known to be infected. In this dust 
haemolytic streptococci survived longer in the dark, and 
organisms of a type which had been responsible for an out- 
break at the beginning of the trial were isolated from a 
sample kept in the dark for 195 days. 

These results are further evidence that streptococc^ epi- 
demics at long intervals may be renewed by infected dus . 
Good natural illumination is a prime necessity for septic 
surreal cases. Daylight, even on a cloudy winter day m 
England, is lethal to bacteria, and ordinary ^ass is not an 
absolute bar to this effect, 

578 

THE CONTROL OF DUST-BORNE STREPTOCOCCAL 
INFECTION IN NBIASLES WARDS 
by J. Wricht, R. Cruickshank & W. Gunn, British Medical 
Journal, 1, 611-614, 6/5/44 

This is an account of a well-planned trial conducted by ^e 
clinical and bactcriolo^cal staff of one of the large inlec 


diseases hospitals of London County Council. The haemolytic 
streptococcus is the chief secondary invader in measles and 
the main cause of its complications, especially otitis media 
mastoiditis and bronchopneumonia. The object of the trial 
was to find out whether oil treatment of floors and bed- 
clothing would reduce the numbers of haemolytic streptococci 
in the air during sweeping and bed-making, and decrease t e 
incidence of cross-infections and clinical complications due 
to haemolytic streptococci. Two identical measly wards 
were chosen for the test, and conditions in reject of admis- 
sions l>cd-spacing and treatment were similar throughout 
the 12 weeks of the trial. In the test-ward, the floors were 
treated with crude paraffin oil every 4 wee^, and all blankets, 
sheets, towels and garments were treated with 
the technique described by Harwood, Powney & Edwar* 
(1944) In the control ward no such measures were taken. 
Airlampling was done with the slit-sampler of Bourdillon. 

u.e .cs. period sh^d 

that conditions in the two wards were remarkably 
During this period only the floor in the test-ward ^as ^d. 
In both 36-39 % of the patients were harbouring the t^ 6 
ItrcpTdcoccurwtch. as L prevalent -ossri^-Ung 
w-is remrded as the " indicator orgamsm of the test , h 
cross-infection rate (i.e. the percentage P^^tients exposed 
Sho acquired type 6 haemolytic 

!'’thk fydd?rIvaS i^the air of both wards 

strepfococcuTcount -s 98 in g 

lyUc° treptococci in the to OTliS 

The coneluslot. is that oiLng of Boors alone r™ no p 

explored before it can be adop mentioned are 

point out that nieasures other than ^ 

necessary to prevent sprea y . amongst the staff 

etc and by droplet spread from carriers ainuu^:. 

Jnd tetween new and convalescent paUents. 


‘^6Sn.R.B..UdweIi.O.M.^Thoinas.7.C.(1941)/.^y... 

1 Ha^F. c! Po^vney. J. & Edwards, C. W. (1944) Brit. med. 

J. 1, 615 
1 [see BMB 579] 


A NEW 

^r^ood, L Powney & C. W. Edwards. British 

nuLbeis ‘’f dust-borne bacteria to ho^p^^^^^ 

greatly redured .^e ^pp t^^ ^dclothes (van den 

paraffln or “ ^ 9 ^ - van LEnde& Thomas, 1941 ; 

Ende, Edward & ^ The authors, who are on 

StoSffoftheBriUsh^undere^^^^^ 

don, were faced with quantity of oil. 

impregnating “"'^"^dTSe^od^Wch could be readily 
It was also necessary to tod . ^ ensure the complete 

rrsed in hosptol “'"Cof uLTfor soaking the 

removal of the oil f m-ocess for the unused oil would 

clothing, so that no recoveo’ process tor m 

be needed. cu-i-rt hv the use of a dilute oil-in- 

Tbese problems were solved py me _ _ _ — 


jse problems were ^ ^ pj-ridinium bromide, 

w-ater emulsion emulsion stabilized 

ForwooUenmatenaBaposiU i - manufactured by 


ivooUenmatenalsaposmveo--.^ manufactured by 

by “FLxanol C ^ ^j^d. For cotton 




anion-activc agent, “ Tccpol ” (manufactured by Technical 
Products, Ltd.). The liquor should be sliglitly alkaline, pH 8. 
By these processes all the oil used was deposited on the fabrics. 

The materials must be washed and rinsed, soft water 
being essential. The last rinsing water is adjusted to 100° F. 
[about 38° C] and the stock solution containing 20 % of 
technical white oil and 2 % “ Fi,\anoI ” is added in requisite 
amount. The rotating machine runs for 10 minutes, the 
goods arc unloaded, hydro-extracted, and dried. Cotton 
articles receive 2 to 3 minutes in the same solution followed 
by 7 to 8 minutes in a similar emulsion stabilized with 3 % 
“ Tccpol ”. 

The oil is not greatly removed by autoclaving, or by ordinary 
washing, and tends to accumulate with successive oilings. 
Since an oil content of more than 5 % to 7 % is undesirable, 
later treatments may have to be adjusted to minimize this 
accumulation. 
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OILED FLOORS TO CONTROL RESPIRATORY IN- 
FECTION : An Army Experiment 

by P. H. R. Anderson, J. A. Buchanan & J. J. MacPartland, 
British Medical Journal, J, 616-617, 6/5/44 

It has been shown by van den Endc, Lush & Edward (1940) 
and by Thomas (1941) that the number of dust-borne bacteria 
in the air of rooms can be diminished by treating the floors 
with crude paraffin oil. In order to determine whether the 
spread of air-borne infections could be decreased by this 
means, the authors, who are officers of the Boj'ai Army 
Medical Corps, recorded o\’cr a period of 17 weeks during 
the winter the incidence of respiratory infections in two groups 
of soldiers who were living respectively in treated and un- 
treated barracks. The units were large (1,300-1,700 men), 
and the soldiers in each group were similar in stage of train- 
ing and living conditions. The buildings were practically 
identical. The medical officers agreed on a common 
standard for diagnosis of respiratoiy infection, the criteria 
being catarrh with obvious local signs, or a generalized 
infection accompanied by pyrexia. 

While it is difficult to conduct a perfectly controlled ex- 
periment of this kind, the results suggest very strongly that 
the oiling of the floors was of value. The average weekly 
rate of respiratory infections in the treated unit was 7 per 
1,000 men, against 38 in the control unit. An outbreak 
of almost epidemic proportions appeared only in the un- 
treated unit at about the middle of the trial. 

The oil, which is non-inflammable and has no unpleasant 
smell, is applied after thorough dry-sweeping of the floor. It 
dries in about 6 hours, leaving an imperceptible film. One 
gallon is needed to treat about 1,000 square feet [about 90 m.®] 
of floor-space. Subsequent applications may be made every 
four weeks. The oiled floor is easy to keep clean between 
treatments. 


One of the Group Ahaemolytie streptococci was of tyDe4 

a type which was_ responsible for a number of subscqSm ■ 
wound infections in this particular ward. The observationc 
do not prove the transmission of haemolytic streptococci by 
flics, but suggest a possible explanation of spread of infectioJ 
from ease to ease, or from one part of a hospital to another 
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A SCHEME FOR THE PREVENTION OF CROSS 
INFECTION IN CHILDREN’S WARDS 

by N. M. Jacoby, Archives of Disease in Childhood 19 
26-28, March 1944 ’ ’ 

This short paper by the Registrar to the Children’s Depart- ' 
ment of Guy’s Hospital describes a new children’s ward at ' 
the County Hospital, Pembury, and the precautions taken • 
to prevent “cross-infection,” i.c. infection conveyed to the 
child during its stay in hospital. The ward, which had ' 
accommodation for 35 children, consisted of 9 single rooms • 
and 2 with two beds, 4 with four beds and 1 with six beds. ' 
A corridor ran the length of the ward and all but one room ' 
opened on to both the balcony and the corridor. Five of 
the single rooms were grouped together at one end behind 
sw'ing doors, with separate bath, sluice and sterilizing rooms. 

On admission each child was classified as to age and - 
disease. The most careful isolation was given to the class 
most susceptible to cross-infection, i.e. infants under ^ 
18 months of age. Those with non-infectious ailments were . . 
placed in the segregated group of single rooms, and those 
with infections in the other single rooms. Only where .. 
infants had a similar infection to the other children, c.g. ali- . 
mentary or respiratory’, were they placed in a ward with , 
others. Tire six-bedded room was reserv'ed for children , 
with tuberculosis, and children over 18 months with non- 
infectious diseases were grouped in the other rooms. 

A high quality of nursing was considered essential to 
prevent spread of infection ; a ratio of 5 patients to* one 
nurse at night and 2 to one by day was desirable. Only , 

senior nurses attended to the infants and each junior nurse ; 

had sole charge of certain older children. “ Barrier nursing ” 
was used for all infectious cases and the infants’ food was 
prepared with full aseptic technique. Gauze masks were • 
worn by everyone who entered the children’s rooms, and few ; 
visitors were allowed. 

Among the 268 children in the ward during one year 
16 developed cross-infections, an incidence of 6%. The 
infections were evenly scattered through the year. Two 
were almost certainly contracted before admission and a 
third was due to neglect of the rules by a cleaner. 

The author concludes that these figures compare favour- 
ably with others which have been pubh'shed. Further 
improvement would probably follow the provision of more 
beds, so that when necessary children could be isolated on 
admission till the disease was classified, and so that children 
of different groups need never be put together. A more 
impermeable type efface mask is also thought to be desirable. 
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A NOTE ON THE TRANSMISSIBILITY OF HAEMO- 
LYTIC STREPTOCOCCAL INFECTION BY FLIES 
by R. A. Shooter & P. M. Waterworth, British Medical 
Journal, 1, 247-248, 19/2/44 

Working in a hospital of the British Emergency Medical 

Se the authors attempted to find whether cross-infection 

■ Tocnitfll wards was related to the carnage of haemolytic 
m hospital wards was were made in two 

streptococci by cases of streptococcal infec- 

surgical wards ^ ^ 

tiorr, and a conlr ^ ^ cultures 

laboratory. Of 2 / ni belonged to serological 

Graur^^“coa^las=-P«i‘i« staphylococci were also .so- 
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DESIGN OF DRESSING STATIONS AND CONTROL 
OF WOUND INFECTION 

by W. Gissane, A. A. Miles & R. E. O. Williams, British 
Journal of Industrial Medicine, I, 90-98, April 1944 
The authors of this article, two of whom are members of a 
Medical Research Council Unit, are engaged on a study^ of 
the prevention and treatment of sepsis in industrial injuries, 
at the Birmingham Accident Hospital. It is their thesis that 
many injuries, instead of being protected from infection 
from the time they come under medical care, become in- 
fected during treatment and that such infection can be greatly 
reduced by the adoption of a simple aseptic routine in treat- 
ment. The source of infection may be the nose, throat or 
skin of the patient or his attendant, or organisms may be 
carried from other infected wounds on the hands or instru- 
ments of the dresser. In addition to obviously septic wounds, 
many which appear “ clean ” may harbour Strept. pyogenes 
or Staph, aureus, and so be a potential source of infection. 
This article sets out some ways in which the infection of 





' wounds can be minimized in n busy dressing station in hospital 
or factory’. 

• C The chief \ehiclcs of infection arc (ol hands and pocket- 
. scissors of the dressers, (b) instniments. (c) dressinp: packed 
in bulk and contaminated by hands or instiainicnts when 
; some are remored. To ensure (hat hands arc washed ainl 
r ^ inslramenls sterilized aflcr every diessintr. the \vash-b,\sin 
and sterilizer should be within easy reach. Tor a dresser 
working alone, dressings c.an be packed separately or col- 
lected in a bowl before each dressing is started ; hut if 
assistance is asnilnble, one nurse should act ns " sersvr " 
Ty; and hand out clean instruments and dressings, lire bin for 
a dirty dressings should be dose to the patient and capacious 
, enough to be used for several hours without emptying. 

The ideal routine Ls: (i) setting out instruments, dressings, 
_ etc. on the trolley ; (ii) removal of. soiled dressings ; (iii) in- 
spection and treatment of the wound ; (is') re-dressing the 

■ ~ wound; (v) cleaning and sterilizing instruments nnd bowls ; 
^ - ('i) washing hands •, (\ii) recording the treatment. 

Adherence to this routine devrs not involve more compli- 
■cr cated procedures; on the contrary, work is often simplilicd 

■ - t eteby. Failure to adhere to it is often due to inconvenience 

05“ ‘he dressing station. Plans of well- 
ana badly-arranged rooms arc shown in tlie article, to illus- 
.. (rate the great sasing of labour which may follow a careful 
-- ti>osl important points in arrangement 

ZZ gK k ** 


1. dresser should have to walk only a few steps 

trolley, sterilizer, wash-basin and 

records desk. 

2. Be paths taken by the dresser and patient should not 
cross. 


natural or artificial, should be 
the'^t latter, fluorescent tubular lamps arc 


^ and chair arc provided, a wash- 

basin should be close to the chair. 
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SrAP/fVLOCOCCUS AUREUS IN- 

bv ^ ^ maternhy department 

GmaprZi S- Blaikley, Journal of Obstetrics and 

} <^ohgy of the British Empire, 51, 386-400, October 1944 

Paper by the Director of the Bacteriological 
Hosnitat^^^ Assistant Obstetric Surgeon, Guy's 

troUezl p the course of several incompletely con- 

denarim^'f staphylococcal infection in a maternity 

imnnsp,! * ’ measures which were later effectively 

and FoK ° P'^''ent such outbreaks. Between March 1942 
iecp«;t epidemics occurred, two of which 

new retri ™ the ward. At the end of this time a 

introduced, the object of which was, without 
carrier labour of the staff, (a) to exclude 

of nraa ' staphylococci, and (6) to prevent carriage 

Year I individual to another. In the following 

n the new routine established, no epidemics occurred 
The’ it was possible to adnjit 30% more patients, 

of a department is a self-contained imit consisting 

wnra j beds, with separate nursery and isolation 

and Its own theatre, kitchen, dairy, etc. 

‘’’^^^'dological methods: For taking samples from un- 
penea abscesses or bullae aseptic puncture was performed : 
senargmg lesions were first cleaned of superficial material. 

pharynx, eyes and vagina were cultured by swab in 
e usual way. The skin was examined by rubbing with a 
moist swab or square of gauze which was put into broth 
no incubated for 5 hours, after which blood-agar plates 
"ere inoculated. Dust samples from, e.g. fioor and utensils, 
"ere taken in a similar way. 

Bvo or three strains of staphylococci were isolated from 
each primary culture and examined separately. The strains 
Were classed in 4 “ grades ” according to their cultural and 
biochemical reactions. Some were also typed by Cowan’s 
techruque, but the speed and simplicity of grading by cultural 
reactions necommended it for routine purposes, and in practice 
epidemics could be controlled ou this basis. Grade A and B 
stnuns ts'cre considered to be imasive, and patients or carriers 
"ith thKc strains were excluded from the ward. Of 143 
strains from infective lesions, 115 fell into grades A and B, 
while only 5 out of 50 from “ normal ” sldn did so. 
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Uiftary of the epidemics : Ail tiic epidemics started suddenly 
ami .siilnidcd gradually in 3 or 3 weeks. In the mothers 
there was inflammation of tlic breast, witli or without sup- 
puration. or genilat infection with slight fever, and in the 
babies nas,al discti.irgc, conjunctivitis or skin lesions varying 
in severity from septic spots to pemphigus. 

In the first outbre.ak. a gradc-A staphylococcus was found 
in cultures from the nose, throat or hand of 7 nurses and 
7 dressers, and from dusting-powder, olive oil and towels 
used for the babies. The epidemic probably arose from a 
towel in the. maternity-department kitchen which, in breach 
of tlic rules, was used by nurses from an adjacent ward 
containing .septic surgical eases. 

Soon alicr a short ward-closure another epidemic broke out. 
Tlic need for the strict exclusion of carriers had not at this 
time been realized, and 5 of the previous carriers who had 
returned to duty were found still to be carrying a grade-A 
staphylococcus. Tlircc further epidemics were due respec- 
tively to a nurse with recurrent colds and hay fever, a patient 
with a head cold, and a nurse carrying gradc-B staphylococci 
in the nose and on the hands. . 

After this it was realized that intermittent or incomplete 
prophylaxis would not abolish epidemics, and that a stricter 
regime was required. 

Prophylactic regime: This was based on the facts which 
had been revealed by investigation of the epidemics ; 

i. The infection was usually introduced by carriers. 

ii. As masks were systematically worn, direct infection 
from the skin, and especially the hands, of earners 
was probably an important factor. 

iii. Feeding-bottles and other ward equipment became 
more heavily infected than floor-dust. 


The following routine was established : 

1. Cultures were made from the nose, throat and hands 
if all nurses before starting work in the department, it a 
;rade-A or -B staphylococcus was found, the nurse was 

■xcluded until it had disappeared. . _ . , , 

2. Similar cultures were made every fortnight and at the 
leginning of a cold, from nurses working m the department 

i. tte' primary c«l.u„ odud«i 
t had been graded ; if it was of grade C or D she was re 

''^r'sMlar cultures were made from aU new patients ^ 
n addition from the vagina and from any inflammato^ 
esion The patient was not allowed into ‘h® 
mill the priory cultures had been examined and until 

Staph, aureus, if present, had been ^ded. u-hjp, 

4 Masks were worn during attenUon to patients and babies, 

md always in the nursery. hah.V,: the 

5 Before and after attending to patients and babies We 

tands and forearms were held under a strong 

regulated by a foot or elbow tap and dned on a stenle towel 

Lvliidi was iinincdi&tely discarded. 

6. Babies were protected from contact with 
md from the slight injuries to the skin which may 

of entry by handling them as little as possible, "^ey were 
bathe^only at birth, at the separation of the umbilical cord 
md thereafter at intervals of 5 or 6 days. 

7. Baths and bathing equipment were thoroughly svashed 

"T mWe oil, dusting poyvder, etc., for the babies’ use were 

Patients^and babies with any Staph, aureus grade-A or 

-B infection were isolated. . , - 

10 Babies svere removed from the ward dunng yisiti g 
horns and visitors svere not encouraged. Fathers, if th-y 


wore a mask, might see the babies but were not allowed to 
handle them. 

Results of the hew rigime : The report covers a period of 
14 months after the institution of the new regulations. The 
most striking effect is set out in a table which shows that, 
though there were almost always from 1 to 5 cases isolated 
from the ward because of infection, and some nurses excluded 
because they were carriers of grade-A or -B staphylococci, 
yet no epidemic developed during that period. The incidence 
of infection expressed as a percentage of confinements felt 
from 43 to !•!, with an increased proportion of trivial in- 
fections. The grading of staphylococci which had been 
adopted appeared to be justified, as at all times there was 
an average of 5 carriers of grade-C and -D staphylococci 
among the staff and these were allowed to remain on duty. 

The authors discuss also some tentative deductions made 
from their investigations. Briefly they suggest (i) that in- 
fection of dust and utensils by virulent staphylococci follows 
rather than precedes an epidemic; (ii) that staphylococci 
implanted on an infant’s skin gradually spread, and that 
spread is most rapid on moist areas and in flexures ; invasion 
is often determined by a slight injury or area of lowered 
resistance; (iii) staphylococci are transferred from an 
infected infant to the hands and nipple of the mother, from 
where they spread over the body. Inflammation of the breast 
may follow and the same grade of staphylococcus be recovered 
from the milk. Staph, aureus is often present in milk from 
a “ normal " breast, but in this case it is almost always of 
grade C or D. No instance of primary infection from the 
milk was seen. 

[see also BMB 31 : a review of a report (7. Hyg., Camb. 1942, 
42, 474) to the Medical Research Council by J. T. Duncan & J. 
Walker on Staphylococcus aureus in the milk of nursing mothers 
and the alimentary canal of their infants.] 
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THE USE OF ANTISEPTIC SPRAYS FOR AIR STERI- 
LIZATION : A Summary of a Report to the Medical Re- 
search Council 

by R. J. V. Pulvertaft, Journal of Hygiene, 43, 352-356, April 
1944 


This is a summary of a report to the Medical Research Council. 
Colonel Pulvertaft, at present serving in the Royal Army 
Medical Corps, is a Reader in Pathology of the University 
of London. 

. The plan of the experiments now described was to create 
a fine mist of bacteria for 2 minutes in a room of 850 cubic 
feet [about 240 m.®] capacity by means of an “ Atmozon ” 
nebulizer operated by a mechanically driven compressor, and 
to count the number of viable bacteria which settled on plates 
of culture medium during 5-minute periods afterwards. The 
results were compared with those obtained in similar experi- 
ments in which the room had been sprayed for 5 minutes 
immediately before infection with a mist of antiseptic also 
produced by a nebulizer. An output of 1 ml. of antiseptic 
per minute was generaUy used. The test organism mamly 
employed was a haemolytic streptococcus of serological 
aroup C sprayed from a diluted culture in serum broth. 

^ Of the antiseptics shown to be effective, the following are 

mentioned ; i 

i Eugenol carbinol is rapid in acUon and e&ctive in low 
in propylene glycol. It is easily procurable, 
but U deteriorates rapWly in solution and is slightly irritating 

Sodium hypochlorite is inexpensive, non-toxic, NgWy 
concentrations (5 ml. of a 1 % solution m the 
effective at foot [about 280 m.»]) and has a 

must te .es.s.an. .0 ..s 

* [see also BMB 557] 


corrosive effect and must not emit large drops of spray which 
may damage coloured fabrics. ^ “ 

iii. Hexyl resorcinol in propylene glycol is effecUve but 
slower than the two antiseptics previously mentioned. 


iv. Catechol is non-irritant and strongly bactericidal in 
2- 5 % solution in propylene glycol. It is, however, relatively 
toxic and is likely to prove more useful for horticultural and 
industrial purposes than for human habitations. 

Antiseptic mists were not effective against organisms dried 
in vacuo or shaken into the air from -a blanket on which they 
had been dried. This may be due to their occurrence in 
clumps and in association with comparatively large dust- 
particles. 

As a solvent, glycerine has the disadvantage of reducing 
the output of mist, and it cannot be used with hypochlorites 
owing to the formation of chloroform. Propylene glycol 
which also cannot be used with hypochlorites is an effective ' 
solvent and has itself an antiseptic action. 

Antiseptic mists may have a cumulative action, so that an 
effective concentration may be maintained by the subsequent 
atomization of smaller amounts of antiseptic. The addition 
of various surface-tension-reducing agents did not enhance 
the action of the mists. 

Experiments were made to find whether animals which 
breathed antiseptics in the form of mist or fine powder 
developed resistance to infection by inhalation. Hypo- 
chlorites, hexyl resorcinol, acriflavine, proflavine and sulpha- 
thlazole were tried. This treatment had no effect on the 
incidence or severity of inhalation infection with Pasteurella 
muriseptica. 

In conclusion, the author states that a good antiseptic for 
atomization should bring about 90 % reduction in bacteria 
with an air concentration of 1 g. in 20,000 cubic feet [about 
5,660 m.®]. In the absence of epidemic respiratory disease 
even crowded rooms contain few organisms from the respira- 
tory tract, and im’sts in the concentrations used are unlikely 
to be of value except in time of epidemic disease. Practical 
points to be considered are: the avoidance of an over- 
concentrated solution, which may be irritant, or an over- 
diluted one, which, in reaching effective concentration, may 
unduly increase humidity; the advantage of several small 
nebulizers over a single large one, and of continuous or semi- 
continuous mechanical operation. The author agrees with 
Baker, Firm & Twort (1940) that sodium hypochlorite seems 
the most suitable antiseptic for general use under present 
conditions. 


Reference 
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GERMICIDAL MISTS AND VAPOURS IN AIR DIS- 
INFECnON 

by A. H. Baker & C. C. Twort, Journal of Hygiene, 43, 382- 
394, September 1944 

This is the latest of a series of papers on air disinfection by 
the scientific staff of the Portslade Research Laboratories, 
Sussex, England. As the air of rooms and public places is 
in practice constantly subject to re-infection, an eff^tive 
disinfecting agent must possess the qualities of persistence, 
stability and durability. Persistence implies that some at 
least of the constituents of a mist remain in the particulate 
state for a given time. Stability implies that the composi- 
tion of the particles does not change, though their size may 
alter. Durability refers to active life as a germicide. The 
authors’ researches were mainly carried out in an experi- 
mental chamber, 3-03 m.® in capacity, in which the anti- 
septic mists and bacteria could be nebulized and plates of 
culture medium exposed. In the experiments now described, 
the properties of a number of higher phenols were investi- 
gated, particularly in relation to the possibility of obtaining 
a lasting action. The bacterial mist chiefly used consisted 
of a strain of C. xerosis suspended in broth or saliva. Striking 
differences were observed in the sensitivity of the phenols 
according to the agent in which the test organism was 

emulsified. ..... . -j .. . j 

The following heat-volatihzed germicides were tested: 
resorcinol, hydroquinone, pyrogaUol, pentachlorphenol, 
benzyl cresol, benzyl phenol, hexyl resorcinol, eugenol 
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carbinol, salicylic acid and benzoic acid. The durability 
of hexyl resorcinol far surpassed that of any of the other 
aerosols, and there was little difference amongst the re- 
mainder. It was noted that, to obtain a lasting effect, speed 
of killing of the bacteria may have to be sacrificed. TTiesc 
solutions were made up in methylated spirit, diluted with 
water if necessary. Different suspending agents, including 
glycerol, sorbitol, glucose, ethylene glycol and carbitol, were 
tried, but none of these prolonged the active life of the 
germicide. 

Obsers'ation of the effects due to residual germicide on the 
walls of the chamber led to a study of the effects of germicides 
evaporated at room-temperature. The agents were applied as 
a paint on ordinary smfaces, and the duration of their action 
was obsers'cd under various conditions of ventilation of 
the chamber. Satisfactory destruction of the test organism 
was obtained, and this was improved by gentle fanning to 
hasten evaporation. The rate and durability of action were 
a function of volatility. The details of the experiments do 
not lend themselves to summarization, but one example may 
be given. The floor of the chamber was treated with 
resorcinol paint corresponding to 1,000 mg. per m.’’ of air- 
space, and the chamber was allowed to stand with the ports 
open for 14 days. When the ports were then closed and the 
test emulsion (C. xerosis) in saliva was sprayed into the 
chamber, the organisms did not survive more than 15- 
30 minutes. 

A number of inorganic substances was tested. Of these, 
mercuric chloride, atomized mechanically, was effective, but 
no action was obtained with boric acid or copper sulphate. 

While it appears that the actual killing of the bacteria is 
accomplished by the vapours, in practice it is necessary to 
dispose small amounts of lowly-volatile germicides as mists 
in order to attain maximum efficiency. The authors suggest 
that resorcinol, which has a medium vapour-pressure, is 
the material most suitable in the first place for a field trial, 
and experiments in which mice were continuously exposed 
for many weeks to mist or vapour of resorcinol did not 
indicate that harmful effects were likely to arise from ex- 
posure to suitable concentrations. 

This paper contains much information of theoretical and 
practical interest. 
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PROPYLENE GLYCOL VAPOUR AS AN AIR DIS- 
INFECTANT : I 

by S. W. Challinor & J. P. Duguid, Edinburgh Medical 
Journal, 51, 280-289, June 1944 

The suitability of propylene glycol (1 : 2 dihydroxypropane) 
as an air disinfectant was indicated by the work of Robertson, 
Bigg, Puck, Miller & Baker (1942a, 1942b). Challinor and 
Duguid, working in the Bacteriological- Department of the 
University of Edinburgh, have made further investigations 
on the efficiency of this substance, observing particularly the 
duration of its effect in the presence of continuous re-infection 
of the air in an almost unventilated room of 1,700 cubic feet 
[about 480 m.®] capacity. The glycol was vaporized in a 
dish over a naked flame, and bacterial counts were made on 
air-samples of known volume by means of the slit-sampler 
described by Bourdillon, Lidwell & Thomas (1941). 

In the first experiments a culture of Chromobacterium pro- 
digiosum was constantly atomized in a “ Dynalysor ” by 
means of which a constant level of bacterial content was 
maintained after a few minutes. A single vaporization lasting 
1-4 minutes of 0 • 1 ml. of glycol per million ml. of air caused 
an immediate reduction of viable bacteria in the air, but this 
did not last more than 10 minutes. Larger amounts caused 
unpleasant mist-formation in the room. Continuous vapo- 
rization of 0-6 ml./million ml. /hour could maintain a con- 
stant 95 % reduction in bacterial content xsithout objectionable 
mist-formation, and repeated vaporizations at 10-minute 
intervals produced the same effect. 

VTicn the room was occupied quietly by 16 men, the bac- 
terial content of the air consisted mostly of dust-borne 
bacteria, only 2-4 % being a-haemolytic organisms, which are 
used as an indicator of respiratory pollution. Air disinfec- 
tion by propylene glycol was attempted. In one of a series 
of experiments it was found that an 85 % reduction in bac- 
tenal content could be maintained on the average by con- 


tinuous vaporization at the rate of 1 ml./million ml./hour. 
There was, however, some mist-formation and the air had 
a sweet taste. A lower rate (0-6 ml./million ml./hour) pro- 
duced no objectionable effects but the degree of disinfection 
was much less satisfactory. It is noted that on a large scale, 
for example in hospitals, very large amounts of glycol would 
be required. There is some evidence that higher concentra- 
tions of glycol may be maintained in the air without un- 
pleasant effects by a different type of vaporizer. 
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J. exp. Med. 75, 593 

Robertson, O. H., Bigg, E., Puck, T. T., Miller, B. F. & Baker, 
Z. (1942b) Aerobiology, ed. by F. R. Moulton, Washington, 
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PROPYLENE GLYCOL VAPOUR AS AN AIR DIS- 
INFECTANT ; n. 

by J. P. Duguid & S. W. Challinor, Edinburgh Medical 
Journal, 51, 388-395, September 1944 

Extending their previous work (Duguid & Challinor, 1944), 
the authors studied the effect of propylene glycol on the 
bacterial content of the air of a small, poorly-ventilated room 
in which a droplet-spray of respiratory organisms was pro- 
duced and maintained by periodic volleys of simulated 
sneezes. The sneezing raised the bacterial content by 20 
to 300 times, and 15 % to 50 % of the organisms recovered 
were of a-hsemolytic type. After half an hour, vaporization 
of propylene glycol was begun and the percentage reduction 
in the bacteria of the air was calculated from counts made 
at intervals by means of the sUt-sampler [an apparatus 
described. by Bourdillon, Lidwell & Thomas (1941)]. The 
glyeol was vaporized mainly by a device described by the 
personnel of Naval Laboratory Research Unit No. 1 (1943). 
This consists of a large heat-insulated beaker in which the 
output of glycol vapour is produced and controlled by an 
electric bulb of suitable wattage immersed in the glycol. 
The recommended output for the room of 1,700 cubic feet 
[about 480 m.“] capacity was achieved by a 25-watt bulb in 
a litre beaker. 

Experiments in which the operator was the only occupant 
of the room showed that droplet-infection is more susceptible- 
to the disinfecting action of propylene glycol than dust-borne 
infection. A very great reduction in bacterial content was 
readily maintained. 

Experiments of the same type were made when the room 
was occupied by 16 men, who produced a volley of sneezes 
at intervals for 2i hours. Bacterial reductions were on the 
whole slightly less in the crowded room, perhaps owing to 
differences in humidity. The lowest rate of vaporization 
of glycol which maintained an average reduction of about 
95 % in mouth-spray-bome bacteria was 0-5 ml. per million ml. 
of air per hour. Vaporization at this rate, which is recom- 
mended for practical trial, caused no objectionable changes 
in the atmosphere. 

The bacterial reduction which may be necessary to decrease 
the incidence of respiratory disease is not known, but there 
is some evidence that a 10-fold reduction may have a signifi- 
cant effect. Further, the optimum vaporization-rate for any 
particular set of circumstances may have to be determined 
by direct trial. 

Referring to other air disinfectants, the authors obsers-e 
that, at the highest practicable dosage-rates, propylene 
glycol and hypochlorite are of approximately equal efficiency 
against mouth-spray bacterial infection. 
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ANAEROBIC INFECTIONS OF WAR WOUNDS IN 
THE MIDDLE EAST 

by J. D. MacLcnn^n, Lancet, 2, 63-66, 94-99 & 123-126 
17/7/43, 24/7/43 & 31/7/43 


Tlic author of this paper, which is based on an investigation 
carried out under the direction of the Deputy Director of 
Pathology, Middle East Forces, went to the Middle East 
with a special knowledge of anaerobic bacteria, and has been 
able to make a comprehensive study of anairobic wound 
infections which is the first of its kind in the English, medical 
literature since the war of 1914-18. His three papers contain 
much detailed information and observations both of 
theoretical interest and of great practical value. His sur\'cy 
embraces the whole of the wounded in the Middle East 
Forces from the beginning of the war until the second battle 
of El Alamein, a period in which there were six distinct 
campaigns. 

He first points out that the term anaerobic infection in- 
cludes several different conditions. Tetanus is deliberately 
excluded, since observations made on this disease have 
already been published (Boyd & MacLcnnan, 1942), Fuso- 
spirochaetal infection and the type of spreading gangrene 
of the skin due to an anaerobic streptococcus and described 
by Meleney were rarely encountered. Extensive infection 
of muscle simulating true gas gangrene and caused by an 
anaerobic streptococcus, always accompanied by some other 
ffirobic organism, is described more fully ; 19 such cases 
were seen. The remaining conditions are due to Clostridia 
of the gas gangrene group, and arc divided into 3 categories. 
Simple contamination of wounds by such bacteria, with 
some multiplication but no tissue invasion, was seen in 
20-30% of all wounded. In about 5% of such cases 
anaerobic cellulitis developed ; this is an infection of con- 
nective tissue which produces gas and may be extensive, 
but is unaccompanied by serious systemic disturbance. 
The third condition is clostridial myositis, or true gas gan- 
grene, a rapidly spreading infection of living muscle, having 
an acute and usually early onset, and causing pain, swelling 
and severe constitutional disturbance. This occurred in 
about 1’5% of wounds containing anaerobes and 0-4% of 
all wounds. 


Of 164 known cases of gas gangrene, there were 146 in 
which the author fully analysed the anaerobic flora, and the 
frequency with which each of many species was found, 
either alone or in combination with others, is set out in 
detail, together with an account of the clinical features 
characteristic of each. Cl. welchii was the most frequent, 
although it did not preponderate over all others as it did 
among wounded in France in the last war. It causes the 
classical condition with early onset and abundant gas pro- 
duction. Cl. oedematiens came next in frequency; the 
incubation period is longer, oedema is produced rather than 
gas, the foul smell may be absent, and a “ sense of weight ” 
in the h’mb is a marked feature. Other Clostridia found 
alone in smaller numbers of cases were Cl. septicum. Cl. 
histolyticnm (all 10 cases in which this organism occurred, 
once alone and 9 times in combination with others, were 
fatal). Cl. bifermentans and Cl. fallax. The mortality of 
mixed infections was higher than in those due to a single 
Clostridium, and the possibility of synergic action between 


them is discussed. 

Treatment is fully described. The prophylactic use of 
sulphonamides and reliance on them alone in treatment 
were disappointing, but adequate combined antitoxin and 
sulohonamide treatment appears to have been successful. 
A study was also made of the flora of desert sand collected 
Z many different points between Benghazi and Egypt, from 
ihich it seems that the source of infection must be sought 
Titwhere Pathogenic Clostridia could much more fre- 
Sntly be cultivated from soldiers’ umTorms and the author 
^ thk as the probable source of infection, and faecal 

StSona’sIh? cause Of i.i.fecavi.y. 
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bacteriology of war wounds 

by R. J. V. Pulvcrtaft, Lancet, 2, 1-2, 3/7/43 

This short paper embodies the conclusions of an experienced 
bacteriologist after two years’ study of infection in war 
wounds The author who, before the war, was on the staff 
of the Westminster Hospital, London, held the position of 
Deputy Assistant Direetor of Pathology and Officer Com- 
manding the Central Pathological Laboratory of the Middle 
East Forces. 


He begins by insisting on the need for using a standard 
. method of taking material for investigation in any systematic 
study of wound infection. Samples taken by different 
rnethods or inoculated on to different media show widely 
different results. Again, samples taken from the depth and 
the surface of a wound differ quantitatively, though generally 
not qualitatively. In this investigation swabs taken by the 
surgeon were moistened in the laboratory and then inoculated 
on to blood-agar plates, the surface of which had been dried 
with alcohol (to prevent the spread of Proteus and Ps. 
pyocyanca). Anaerobic cultures were also made and these 
were later subculturcd aerobically on to blood-agar plates. 

The wounds studied arc divided into two groups— head 
wounds and vVounds elsewhere. The distribution of the 
various species of bacteria is similar in the two groups ex- 
cept that Staph, aureus (haemolytic and non-hacmolytic) was 
present in 75-5% of 140 head wounds and only 54% of 
other wounds. In agreement with other investigators the 
author found that the bacterial flora of a wound might 
alter considerably at successive samplings. The change 
frequently synchronized with a change of treatment, and the 
introduction of certain types of antiseptic for dressing the 
wounds was almost invariably followed by the appearance 
of certain species of bacteria. For these reasons the author 
inclines to attribute the appearance of fresh species to 
organisms “ latent ” in the wound and not, in most cases, 
to infection from outside. 

The author goes on to point out that while in this war 
deaths attributable to sepsis alone arc very few (for instance 
5 out of 2,472 battle casualties at a mih'tary hospital in the 
Middle East), in the last year of the war of 1914-1918 they 
were probably no more (for instance a death rate of 0-5% 
from all causes including gas gangrene is quoted in the Official 
Medical History of the War), A more important question 
is whether, by the introduction of sulphonamides and the 
closed plaster treatment, the incidence of prolonged sepsis has 
been reduced. Many patients are still seen who, months after 
wounding, have suppurating wounds, with fever, intractable 
anaemia and nephritis. The author favours an attempt to 
reduce the numbers of these patients by relying less on the 
closed-plaster method and more on the attempt to eliminate 
bacteria from the wound by persistent local treatment. [At 
the time this paper was published the first systematic trial 
of penicillin in war wounds had only just begun.] 
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WOUND INFECTION : A PRELIMINARY NOTE ON 
A COMBINED CLINICAL AND BACTERIOLOGICAL 
INVESTIGATION OF 708 WOUNDS 
by H. L. de Waal, Edinburgh Medical Journal, 50, 577-588, 
October 1943 


The author, who is a Lecturer in Bacteriology in the University 
of Edinburgh, carried out this investigation in the dep^- 
ments of Surgery and Bacteriology of that University. s 
object was to follow the bacteriology of wounds and burns 
from admission to hospital until healing was complete ana 
to correlate it with treatment and clinical progress, me 
many possible sources of infection of wounds in hospital- 
air, blankets, throats of patients and attendants and so on- 
were also investigated bacteriologically. As he points ou^ 
708 cases is a smaU number where so many variables are 
concert and “it is doubtful whether anything short of 
several thousand would be of real statistical value. He 
nresSts here his principal findings and deductions, pending 
a more complete analysis of the data. 

Methods • The swabs were usually taken by the bacterio- 
I vf rnmcplf Wounds were sampled just before operation, 
dr^inr?or the next week, and thereafter eveiy 
2‘to s^days. Estimates of the numbers of bacteria present 
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were made chiefly from films. Wounds under plaster were 
sampled by absorbent threads which were laid on the wound 
surface and passed across the skin between layers of vaseline 
gauze ; the gauze passed through a vulcanite funnel in the 
plaster 2 cm. from the edge of the wound, thus bringing the 
thread to the surface. Throat-swabs were taken periodically 
from the patients under investigation and, when indicated, 
from all the staff and patients in a ward. 

Results : The bacteriology of the wounds at the time of 
admission to hospital supported th(i view now often put 
forward (e.g. Gissane, Miles & Williams, 1944) that wounds 
may become infected during treatment if this is not efficiently 
carried out. The number of wounds contaminated by 
bacteria increased with increasing delay before admission. 
Those which had been “ cleaned ” before admission carried 
more bacteria of all types than those which had simply been 
dressed, and twice as many were infected with streptococci. 
A sterile covering put on soon after injury was the most 
favourable first-aid treatment. Haemolytic streptococci were 
more frequent in wounds of the head, neck and upper limb, 
and coliform bacilli, Proteus, B. pyocyaneus and Clostridia 
in woimds of the groin, perineum and thigh. 

After admission to hospital 86 % of all wounds and 67 % 
of bums became infected, the majority with organisms of 
low pathogenicity ; 146 cases acquired a haemolytic strepto- 
coccus and 231 Staph, pyogenes. On many occasions, from 
the time the patient arrives in hospital, the wound is im- 
covered and exposed to pqtential infection. Among possible 
sources are the nose and throat of patients and attendants 
(masks are often inefficient), the skin near the wound, dust 
from bed-clothes if the patient moves during the dressing, 
slipped bandages and baths. Of 38 wounds treated in closed 
plaster, 34 became infected, mainly with non-pathogenic 
staphylococci and Proteus. 

Treatment : The author emphasizes that the value of the 
different antiseptics used locally is difficult to assess because 
of the large number of variable factors. He gives no indica- 
tion of the principles on which the wounds and bums were 
selected for the various treatments. The local applications 
used were acriflavine 0 - 1 %, gentian violet 1-0 %, sulphanil- 
amide, sulphapyridine, albucid 2- 5 % to 30 %, tannic acid and 
penicillin. The author concluded that penicillin was the 
most promising of all, but as it was used in only a few cases 
the results were excluded. Of the rest, acriflavine appeared 
to be the most satisfactory, as it acted on all kinds of bacteria 
and was not inhibited by pus. As it tended to delay healing 
it was best used for 4-5 days and then replaced by another 
antiseptic, preferably a sulphonamide. 

The figures given show that the three sulphonamides all 
reduced infection by streptococci, but by no other organism. 
The treatment of bums with tannic acid’ reduced infection 
by bacteria of all types, and the author recommends this 
method for parts where there is little movement, pressure or 
liability to wetting. For the flexures, sulphonamides in 
paste or paraSined gauze were satisfactory. The importance 
of surgical excision of wounds as a means of reducing in- 
fection is emphasized. 
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EARLY DIAGNOSIS OF WOUND INFECTION ^VITH 
SPECIAL REFERENCE TO MIXED INFECTIONS 
by D. McClean & H. J. Rogers, Lancet, 1, 707-708, 5/6/43 
This paper by two workers from the Lister Institute, Elstree, 
is a supplementary note on work previously reported by 
McClean, Rogers & Williams (1943). The earlier paper de- 
scribed experimental work which suggested that the inifection 
of wounds by organisms of the gas-gangrene group might 
be detected at an early stage before it could be recognized 
by clinical or ordinary bacteriological examination. The 
methods advocated depend upon the rapid detection of 
enzymes produced by bacteria proliferating in the wound. 
Detailed descriptions of the technique used in these tests 
were given. 

In the present paper, the authors describe the influence 
of mixed infections by staphylococci or streptococci together 
with organisms of the gas-gangrene group on the character 


of the resulting infection, and recommend certain modifica- 
tions in the tests previously described in order that the nature 
of the bacterial source of the enzymes may be determined. 

It was found that the addition of hyaluronidase-producing 
staphylococci or streptococci to an infection by non-hyal- 
uronidase-producing Cl. welchii or oedeniatiens profoundly 
modifies the character of the infection. The extension of 
the infected area is more rapid and, in the case of welchii 
infections, the character of the exudate is altered ; it becomes 
more fluid. Both the staphylococci and the streptococci 
are found in the exudate in numbers approximately equal 
to those of the accompanying anaerobe. This is in striking 
contrast to the failure of either the staphylococci or strepto- 
cocci alone to initiate a generalized infection. Staphylo- 
coccal or streptococcal hyaluronldase is present in high titre 
in both the muscle extracts and the exudates. 

Further observations showed that if a hyaluronidase- 
producing aerobe accompanies a hyaluronidase-producing 
member of the gas-gangrene group, then not only will both 
organisms be found in the tissues, but hyaluronidase from 
both bacterial species will be present. This will complicate 
the diagnosis of the bacterial source of the hyaluronidase 
found in the wound exudate. For this reason, the authors 
recommend that polyvalent anti-sera should be used in 
neutralization tests in place of the monovalent sera previously 
described. Particulars are given of the composition of 
these polyvalent diagnostic sera. 
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HYALURONIDASE PRODUCTION BY HAEMOLYTIC 
STREPTOCOCa OF HUMAN ORIGIN 
by N. Crowley, Journal of Pathology and Bacteriology, 56, 
27-35, January 1944 

An enzyme, hyaluronidase, has recently been recognized 
which has the capacity to hydrolyse the mucin-like poly- 
saccharide hyaluronic acid (Qiain & Duthie, 1940). This 
en^me is almost certainly identical with the “ spreading 
factor” found in certain tissues and produced by some 
bacteria, particularly staphylococci, streptococci and the 
gas-gangrene organisms (Duran-Reynals, 1933 ; McClean, 
1936). As hyaluronidase has the capacity to lyse the capsules 
of streptococci, it appears unlikely that the same strain of 
streptococcus woidd produceboth hyalurom’dase andacapsule. 
As previous work on this point was conflicting, the present 
author, working in the Emergency Public Health Laboratory, 
Cambridge, examined 376 strains of streptococci of known 
group and type for both hyahuronidase-production and 
capsule-formation. 

Technical methods : For capsule-formation, cultures 
which had been grown overnight in 20 % rabbit-serum 
broth were inoculated heavily into the same medium, and 
after 2 hours’ incubation the centrifuged deposit was ex- 
amined for capsules by the india-ink method of Butt, Bonynge 
& Joyce (1936). In some strains the appearance of the 
colonies on freshly poured neo-peptone blood-agar plates 
(Dawson, Hobby & Olmstead, 1938) was also studied. 

Hyaluronidase-production was tested by McQean’s method 
(McClean, Rogers & Williams, 1943 ; McClean, 1943). 
This depends on the fact that a mixture of horse serum and 
potassium hyaluronate can be clotted by acetic acid, but that 
clotting is prevented by hyaluronidase. In these experiments 
the substrate was composed of equal parts of an 0-2% 
aqueous solution of potassium hyaluronate (prepared from 
human umbilical cord) and of horse serum diluted 1 in 3 
with distilled water. The streptococci were grown for 
18 hours in veal tryptic digest broth enriched with O-I % 
glucose. The culture was centrifuged and the supcmatxsnt 
fluid was tested at a dilution of 1 : 10 and, if positive, re- 
tested at tenfold serial dilutions. If only the lowest dilution 
was positive, a further test at a dilution of 1 : 2 was carried 
out. 

Results : A decisive answer to the question posed w:^ 
obtained in that, of 122 strains which produced hytfluroni- 
dase, none showed a capsule, whereas of 264 strains not 
producing hyaluronidase 1 86 were encapsulated. In group A 



(Lancefield), 308 strains were examined. Although 14 or 
more strains were examined in each of types I, 2, 3, 4, 8, 
II, 12, 22, 25 and 27 (the remainder being distributed in 
smaller numbers among 18 otlier types), in only 2 types 
were hyaluronidasc-producers found— 41 out of 47 in type 4, 
and 23 out of 24 in type 22. In group C, all strains were 
non-capsulated and 35 out of 55 produced hyaluronidase. 
In group G all (13) were non-capsulated and all produced 
hyaluronidase. 

The strains tested had been isolated from a wide variety 
of streptococcal infections or from normal carriers (in a few 
types only, stock cultures were tested). The author con- 
cluded that “ there was little correlation between the power to 
produce hyaluronidase and the virulence of the strain for 
human beings ”. Where strains of the same type of strep- 
tococcus were isolated from several individuals in close 
contact (e.g. in an epidemic of scarlet fever) the characteristics, 
as regards hyaluronidase-production and capsule-formation, 
were the same in all. 
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HYALURONIDASES IN INFECTED WOUNDS 
by J. D. MacLennan, Lancet, 2, 433-434, 30/9/44 

Hyaluronidase is produced by various species of pathogenic 
bacteria, including Sirept. pyogenes. Staph, pyogenes, Strept. 
pneumoniae and some of the Clostridia (Duran-Rcynals, 
1933 ; McClean, 1936 ; 1941). It can be detected in in- 
fected tissues and in inflammatory exudates. The hyaluroni- 
dase produced by each organism can be used to prepare 
an antiserum which is apparently specific for the species of 
origin. Hyaluronidase can be detected by the mucin-clot- 
prevention test of McClean and his collaborators (McClean, 
1943 ; McClean, Rogers & Williams, 1943 ; McQean & 
Rogers, 1943), and they have suggested that this test carried 
out on tissues or exudates, combined with neutralization by 
specific antisera, might form a rapid method of identifying 
the organism in clinical infections. In this paper Major 
J. D. MacLennan of the Royal Army Medical Corps reports 
the results of carrying out this test on material from 51 battle 
casualties with infected or contaminated wounds, including 
12 cases of gas gangrene. The samples of muscle or exudate 
were taken at operation and tested as soon as possible, usually 
within an hour. 

The organisms present in the wounds included C/. welchii, 
oedematiens and sepiicum, Strept. pyogenes, Staph, pyogenes 
and anaerobic streptococci. Six samples gave a partial or 
slight positive result, i.e. partial destruction, of the clot or 
prevention of clotting at a dilution of 1/1 or 1/2, Only 
one was definitely positive, preventing clotting at 1/128 and 
being neutraUzed by the appropriate antiserum ; this sample 
consisted of pus from an empyema infected with Strept. 


^'^e author was at a loss to explain the large proportion 
if negative results-44 out of 51. Two of the strains of 
7 welchii which had given negative r^ults iri man were 
ested in animals and gave strongly positive results 12 houra 
Ifter iniection He points out that the one decisively posiUve 
;S S °am= tom the only case mfected by a smsle 

organism. 
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^ETECTION of BACTERIAL ENZYMES IN INFECTED 

by D. McClean & H. J. Rogers, Lancet, 2, 434-436, 30/9/44 

Work reported by McLennan (1944) showed that the mucin- 
clot-prevention test for hyaluronidase was negative in in- 
fections in man caused by organisms known to produce this 
enzyme. In the present work Drs. McClean and Rogere 
of the Lister Institute of Preventive Medidne, investigated 
experimentally the reasons for this unexpected result. 
Hyaluronidase and Iccithinase were estimated in muscle 
extracts and oedema fluid of experimental animals by the ^ 
methods already described (McClean, Rogers & Williams 
1943 ; McClean, 1943). 

Twelve guinea-pigs were injected intramuscularly with 
Nvashed 18-hour cultures of Cl. welchii to which CaClj had 
been added. Four were injected with 200 units of mono- 
valent Cl. welchii antitoxic scrum at 2 hours after infection 
and 4 at 4 hours after infection. The remaining 4 were not 
treated and were used as controls. Two of each group were 
killed 6 hours after infection and the rest at 22 hours. This 
experiment was performed four times with consistent results. 
The highest dilution at which muscle extracts and oedema 
fluid of control am'mals gave a positive result varied between 
1:16 and 1 : 3848. In 3 out of the 4 experiments, the tests 
showed decisively that antitoxic serum greatly inWbited or 
completely suppressed hyaluronidase production. In the 
4th there was slight inhibition." Lecithinase production 
also was inhibited or suppressed by the antitoxin in all 
experiments. 

Reviewing Major MacLennan’s 12 cases of gas gangrene 
the authors point out that several of the negative results 
can be accounted for either by the administration of anti- 
toxic scrum or by the fact that the infecting organism was 
Cl. oedematiens, of which type B produces little and type A 
no hyaluronidase. But in at least 1 case where CL welchii 
was the orgamsm responsible for the infection and no anti- 
toxin had been given the test was negative. It appears that 
other factors besides the administration of antitoxin modify 
the results in man. Further animal experiments .showed that 
neither the size of the initial infecting dose of CL welchii 
nor the presence of a proteolytic organism such as CL histo- 
lyticum affected the result in animals. 

In another series of experiments a streptococcus which 
did not produce hyaluronidase, CL histolyticiim, and a 
preparation of hyaluronidase were injected into guinea-pigs 
separately and in combination. The streptococcus both with 
and without hyaluronidase was harmless, but when added 
albne to CL histolyticum it hastened death, and this effect 
was increased if hyaluronidase was injected in addition. 
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INFECTION OF CAT-BITE AND DOG-BITE WOUNDS 

WITH PASTBURELLA SEPTICA 

by E. N, Allott, R. Cruickshank, R. Cyrlas-Williams, V. Glass, 

1. H. Meyer, E. Straker & G. Tee, Journal of Pathology and 
Bacteriology, 56, 411-415, July 1944 
The authors report 6 cases of septic infection, caused by 
the bite of a cat or dog, from which the organism Pasteurella 
was isolated. The 3 cases of dog-bite, the first with this 
infection to be recorded, all occurred in the west and north- 
west districts of London within, 3 months in the winter of 
1942-43, 

All the infections were characterized by severe local in- 
flammation with pus formation and in three there was sub- 
acute osteomyelitis. The Pasteurella was several times found 
in pure culture ; at other times it was accompanied by 
Staphylococcus. The three strains which were tested for animal 
virulence all killed when injected intraperitoneally. 

Out of 4 patients’ sera tested, 3 failed to agglutinate the 
infecting Pasteurella and the fourth aggluUnated at a dilution 
of 1 : 80. 
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THE CLEANING AND STERILIZATION OF MILK 
BOTTLES 

by B. C. Hobbs & G. S. Wilson, Journal of Hygiene, 43, 
96-120, April 1943 

G. S. Wilson, who is Professor of Bacteriology as applied 
to Hygiene in the University of London, and his colleague, 
were requested in 1937 by the British Ministry of Health to 
investigate the bacterial content of milk bottles after treat- 
ment in bottle-^^’ashing plants in dairies. A full report on 
their two years’ study is available for consultation in the 
library of the London School of Hygiene; the present paper, 
although containing a mass of information, is only a 
condensed version of it. 

The authors had first to devise a form of cultural test and, 
having tried several alternatives, decided on the addition of 
a measured volume of sterile ^-strength Ringer’s solution to 
the bottle, thorough rinsing, and culturing of aliquot portions 
in agar. The standard of bacterial cleanliness suggested is 
a colony count of not more than 600 per pint bottle, i.e. about 
1 colony per cm.® of bottle capacity. Their survey embraced 
105 plants of 26 different types. The lowest counts were 
given by bottles from large plants using detergent solutions, 
application of those solutions by spray being better than 
soaking in the solution. Steam-sterilized bottles usually 
gave higher counts and bottles from small hand-washing 
plants the highest counts of all. The authors favour the 
use of NaOH as a detergent, and they include data on the 
strengths of solution required at different tempieratures. 
Immediately after efficient treatment with NaOH, bottles 
were found to be almost sterile, but subsequent rinsing with 
water is necessary, and this leads to re-contamination. That 
this explains many high bacterial counts was proved by the 
fact that high bottle counts were obtained from plants em- 
ploying re-circulated rinse-water which itself gave such high 
counts that bacteria must actually have multiplied in it. 
If the rinse-water is kept hot enough this cannot occur, but 
the bottles should also be cooled before being filled. An 
alternative is the addition of chlorine to the rinse-water: 
this requires such careful control that the authors think it 
inadvisable. 

The system proposed by the authors is new, namely: a 
rinse, both internal and external, in water hot enou^ to 
remain more or less bacteria-free, followed by external 
rinsing only with re-circulated water which cools the bottle 
to about 70° F. [about 21° C.]. A finsil spray, both external 
and internal, is then given with cold water direct from the 
main. The paper contains much valuable data and deals 
with many other practical points cormected Mth the cleanli- 
ness and sterility of milk bottles. 
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THE SELECTIVE ACTION OF TETRATHIONATE IN 
BACTERIOLOGICAL MEDIA : A Report to the Medical 
Research Council 

by R. Knox, P. G. H. Gell & M. R. Pollock, Journal of 
Hygiene, 43, 147-158, September 1943 
Tetrathionate broth is commonly used as a selective enrich- 
ment-medium for the organisms of the typhoid-paratyphoid- 
salmonella group before plating on solid media. The 
method is highly successful for the isolation of Bact. para- 
typhosum B and most Salmonetlas, but none of the suggested 
modifications has been so useful for the isolation of Bact. 
typhosum and the suppression of Proteus and Morgan’s 
bacillus. The authors, working with the Emergency Public 
Health Laboratory Service, have made a careful study of 
the chemical changes occurring in various tetrathionate media 
and of the effects produced by the growth of faecal organisms 
in them. 

The original medium of Muller (1923) contained sodium 
tetrathionate, which was formed by the mixture of iodine and 
an uxcws of sodium thiosulphate. The authors prepared 
media in which these three components were present in 
varying proportions and quantities. Their results are 


arranged in graphic form. Any excess of iodine caused 
inhibition of all the organisms tested. Thiosulphate alone 
has a selective action, but media prepared with it inhibit 
the growth of the typhoid bacillus while permitting the growth 
of Morgan’s bacillus. Good results were obtained with 
“ balanced tetrathionate ” (i.e. prepared by mixing thio- 
sulphate and iodine in the exact quantities indicated by the 
chemical equation), but the medium ultimately selected for 
routine use was one in which thiosulphate was in slight 
excess, containing 25 % less tetrathionate than Muller’s 
formula. Details of the preparation of this medium are to 
be found in a previous paper (Knox, Gell & Pollock, 1942). 

The authors made the important discovery that certain 
organisms, including Bact. paratyphosum B, most Salmonellas, 
Bact. typhosum (to a less marked extent) and Proteus, but not 
Bact. coli, Bact. aerogenes or the dysentery bacilli, can reduce 
tetrathionate to thiosulphate. This explains, in part, the 
selective action, as organisms able to reduce tetrathionate 
have a source of energy not available to the others, and their 
growth is therefore favoured. The increasing concentration 
of thiosulphate in the medium also explains why subculture 
of tetrathionate broth cultures at different interv'als of time 
produces varying results. The reaction involves the pro- 
duction of high acidity which must be controlled by the use 
of chalk or phosphate as a buffer. Both these substances 
favour the growth of Proteus and Morgan’s bacillus, so that 
the ideal tetrathionate medium has clearly not yet been 
devised. 

The study of solid tetrathionate media gave interesting 
results. Where thiosulphate is present in excess, the medium 
becomes opaque. Colonies of Bact. paratyphosum B are 
surrounded by a clear and striking zone of “ lysis ” caused by 
bacterial reduction of the tetrathionate. Practical use of 
these media could not be made, however, as they are too 
inhibitory to Bact. typhosum. The authors recommend a 
solid medium containing balanced tetrathionate in a con- 
centration of 0-03 molar. This medium has given excellent 
results in the isolation of typhoid and paratyphoid bacilli 
and several strains of Salmonella. It is highly selective, but 
recognition of colonies requires some experience. 
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THE LABORATORY DIAGNOSIS OF DIPHTHERIA : 
A Note on some Present-day Methods 
by H. A. Wright, Edinburgh Medical Journal, 50, 737-745, 
December 1943 

The author, who is a member of the bacteriological staff of 
the University of Edinburgh, discusses some of the difficulties 
in the laboratory diagnosis of diphtheria, and describes the 
modifications of technique which have now become current 
practice in Britain. Modem knowledge demands the use of 
selective culture-media containing tellurite, and the recogni- 
tion of the different types of diphtheria bacillus. 

It is still customary to inoculate swabs on Loeffler’s serum 
slopes, for this medium promotes the rapid growth of C. 
diphtheriae and good development of metachroraatic granules, 
and will give a positive result with most clinical cases. Swabs 
from contacts, carriers, and convalescents, however, fre- 
quently give negative results on this medium, and this rnay 
also happen in mild clinical cases or in severe cases in which 
other organisms are abundant. Further, the gravis tj-pe may 
be difficult to recognize on Loeffler’s medium. Petri-dish 
culture on one of the media containing tellurite, such^as 
that of Anderson, Happold, McLeod & Thomson (1931) 
or Hoyle (1941), is therefore essential. 

Tellurite media inhibit the growth of many organisms 
common in the throat and nose, and permit the identification 
of the three types of diphtheria bacilli, gravis, niitis and intcr- 
medius, a differentiation which is of considerable epidenrio- 
logical and clinical mterest. The plates are inspected after 
18 hours’ incubation, but a negative report should be given 
only after 48 hours, as some strains may be slow- to develop. 
With a low magnification, the dull slate-grey radially st.nated 
gravis colonies, the smooth round low-domed mitts co.omcs, 
and the much smaller dark regular colonies of the 
dius type can be recognized. Microscopic morpnOiOgy cl 
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diphtheria bacilli from tellurite media can be learned by 
experience, and the barred forms of the uitei'inedius strains 
are typical. Further biochemical reactions, such as the 
fermentation of starch by gravis strains, complete the typing 
of diphtheria bacilli. 

The bacteriologist appreciates the desire of the clinician for 
an early and unequivocal report, and this is usually possible 
in clinical cases, but it must be understood, by the medical 
officer of health and the hospital administrator particularly, 
that an accurate final report may be available only after 
investigations which inevitably take two days, or even longer, 
to perform. 

References 

Anderson, J. S., Happold, F. F., McLeod, J. \V. & Thomson. 

J. G. (1931) J. Path. Bad. 34, 667 

Hoyle, L. (1941) Lancet, 1, 175 


600 

THE FILTRATION OF MYCOBACTERIUM TUBER- 
CULOSIS AND MYCOBACTERIUM STERCUSIS 
THROUGH GRADOCOL MEMBRANES 
by M. A. Soltys & A. W. Taylor, Journal of Pathology and 
Bacteriology, 56, 173-180, April 1944 

A number of workers have maintained that the life cycle of 
Myco. tuberculosis might include a stage at which viable 
organisms could pass through filters which would hold back 
ordinary tubercle bacilli. They claimed that such filtrates, 
though free of tubercle bacilli of the usual form, would 
produce a modified tuberculous infection in experimental 
animals. As the technical difficulties of this kind of work 
are very great, considerable scepticism has been expressed 
as to the validity of their results. The evidence is discussed 
by Topley & Wilson (1936). Various types of filter have 
been used, but in only one previous paper was work with a 
filter of known pore size— 0-4 (i — described. There was no 
evidence that a viable form of the tubercle bacillus could 
pass through this filter (Lewis, Ruckman & James, 1934-35). 
In the present paper the problem is re-examined by two 
workers at the Moredun Institute, Gilmcrton, Midlothian. 

Technical methods. Thtee’ types of material containing 
tubercle bacilli were used : (i) cultures of human and bovine 
Myco. tuberculosis from 1 to 35 days old ; (ii) lungs and 
spieens from rabbits dying of experimental bovine tuber- 
culosis, and lymph nodes and lungs from naturally infected 
cattle ; (iii) sputum rich in tubercle bacilli from patients 
with pulmonary tuberculosis. Cultures of Myco. stercusis 
were also used. The material was ground or shaken with 
Tyrode’s solution [a physiological solution of. salts and 
glucose] to give an appropriate suspension. Preliminary 
filtrations were made, first through paper pulp and then 
through Kieselguhr [a preparation of diatomaceous earth]. 

A culture of louping-ill virus, centrifuged and filtered 
through Kieselguhr, was mixed with the suspension of 
tuberculous material as a control for the patency of the 
filter ; 0* 1 cm.® of the filtrates was injected intracranially into 
mice and in every experiment produced typical louping-ili. 

The filters were gradocol membranes supplied by St. 
Mary's Hospital, London, and were of 4 sizes, having a 
pore-diameter of 2‘02 (or 1'95), 1-5 (or 1’43), l-OO and 
0-7 (or 0-69) p. respectively. 

Filtration was performed by applying a negative pressure 
of about 30 cm. Hg for i to 1 minute. Each suspension 
was passed successively through filters of the 4 sizes, samples 
of each filtrate being taken for testing. 

The filtrates were examined for tubercle bacilli by the in- 
jection of 3-5 cm.® intraperitoneally and subcutaneously 
respectively into two guinea-pigs. Myco. stercusis was 

demonstrated by culture. 

The results cun be sutTimurized us follows . 
i The bovine type of Myco. tuberculosis did not pass 
through pores of 0-7 (or 0-69) diameter in 5 experiments 
nr nores of I'OOp. in 3 experiments. 

The human type of Myco. tuberculosis did not pass 
thJouS pores of 1-00 f m any one of the 4 experiments 

performed. Mvco. stercusis at 4 dilutions from 1 :50 

, t- S dS P^s tough pores of 1-03 , dl,™e.=r 

fn anl wafaoalogous .0 aa aKravisible virus." 
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AN APPARATUS FOR THE SAFE INOCULATION OF 
ANIMALS WITH DANGEROUS PATHOGENS 

by M. van den Ende, Journal of Hygiene, 43, 189-195 
September 1943 

Work in the laboratory with certain bacteria, as for example 
the Brucella group, and certain viruses such as psittacosis, 
lias long been recognized as involving undue risk of infection 
for the bacteriologist. This danger is liable to be particularly 
great when experimental infection of animals by the intranasal 
route is practised ; recent experience has shown that the 
hazard is a very real one when nasal instillation of typhus 
rickctfsiac is made into anaesthetized mice. The apparatus 
described by Dr. M. van den Ende from the National Institute 
of Medical Research at Hampstead, London, is designed to 
overcome this risk. It consists essentially of a steel-and- 
glass box, inside which the inoculation of the mice is earned 
out. The anaesthetized mice are passed into the box through 
an opening in the left side which can be closed by a sliding 
door. After inoculation they are placed into labelled glass 
jars held in the right half of the box. The operator wears a 
surgical gown and rubber gloves and his hands are intro- 
duced into the box through rubber sleeves fitted into the 
front of the box. An essential feature of the apparatus is 
that draught ventilation through the box is provided by a gas 
burner in the chimney attached to the box. This prevents 
the escape of infected droplets from the box during the 
manipulation of the mice. Above the burner the chimney 
is so constructed that all air drawn up the chimney is effectively 
healed. After the mice have been inoculated, they are left 
in the box for 45-90 minutes, during which period quartz- 
jacketed ultra-violet lamps inside the box are turned on. The 
mice arc then transferred to cages and the glass jars are 
immediately sterilized. The construction of the box is 
described in detail, with the aid of diagrams, in an appendix 
by A. J. G. Hubbard. 

Experiments were made, using Chr. prodigiosum as an 
indicator organism, to determine the degree of aerial in- 
fection during intranasal inoculation of mice, and the effect 
of the chimney furnace and ultra-violet rays on the numbers 
of infective droplets distributed into the air of the apparatus 
by inoculated mice. When inoculated mice were kept in the 
box while the chimney furnace and ultra-violet lamps were 
not in operation, infected particles were recovered from the 
air up to 40-45 minutes after inoculation. Ultra-violet rays 
reduced the number of particles significantly, but the chimney 
was more effective. The chimney alone was capable of 
clearing the air in the box almost completely Mthin 7 minutes 
after the introduction of a heavy spray of bacteria-laden 
particles. That the draught through the box was 
in preventing infected particles from passing outside the box 
was shown by sampling the air outside the open door in the 
end of the box when numerous infected droplets were presen 

inside. , . 

Since the introduction of the apparatus for typhus worK in 
the author’s laboratory, only one case of typhus has occurred 
in 4 months among 8 individuals working on this “sease ; 
before the box was introduced several workers contrac.ea 
typhus within a month of commencing work invoivmg tne 
intranasal inoculation of rickettsiae into mice. 


Various Bacteriological Studies 


J NATURE AND MODE OF ACTION OF STAPHY- 
"OCCUS coagulase 

V Smith & J. H. Hale, British Journal of Experimental 
v'logy, 25, 101-110, June 1944 

:,<! been knoivn for many years that some strains of 
fylococcus produce a substance which MU cause the 
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clotting of plasma. Recently this property has been utilized 
by the bacteriologist in assessing the pathogenicity of strains 
of Staphylococcus, as the substance, eoagulase, is seldom 
produced by non-pathogenic strains (Chapman, Berens, 
Peters & Curcio, 1934 ; Christie & Keogh, 1940 ; Cadness- 
Graves, Williams, Harper & Miles, 1943). 

In routine bacteriological testing, citrated human plasma 
diluted 1/10 is usually used, but occasional human plasmas 
are encountered in which no clot, or an incomplete clot, 
is formed. Rabbit or horse plasma may replace human 
plasma, but guinea-pig. mouse and fowl plasmas do not 
elot under the conditions of the test. These individual 
and species differences, as well as the fact that human 
fibrinogen after it has been purified by repeated precipita- 
tion is not clotted by eoagulase, were anomalies which the 
present work c.xplains. It was carried out in the Depart- 
ment of Bacteriology of Sheffield University. 

In preliminary’ experiments the authors showed that 
eoagulase would pass without loss through a “ gradocol ” 
membrane with a pore diameter of 0-50 g, though retained 
completely by one with a pore diameter of 0-11 g. It 
was relatively heat-stable, as only partial loss occurred in 
30 minutes at 80° C. Having established these data, they 
were able to make sterile concentrated preparations of 
eoagulase by filtration and distillation at 60-70° C. under 
reduced pressure; with these preparations the remaining 
work was carried out. 

They first ascertained that in the clotting of normal blood 
all the factors concerned were interchangeable between 
different species, thus showing it to be highly improbable that 
differences in the structure of the fibrinogen accounted for the 
differences in eoagulase action in the various species. In 
the course of this work they discovered that the addition 
of a testis extract containing thrombokinase (prepared by 
grinding with distilled water, centrifuging and filtering) to 
the coagulase-plasma mixture produced clotting in otherwise 
incoagulable plasmas. Hence it was clear that a second 
substance, lacking in these plasmas and necessary for the 
action of eoagulase, was provided by the testis extract. 
Guinea-pig testis was much less effective in activating coagu- 
lase than human or rabbit testis, though it was equally rich 
in thrombokinase. This strongly suggested that the sub- 
stance which activated prothrombin was different from that 
which activated eoagulase. 

A sample of “ incoagulable ” human plasma was shown to 
contain small amounts of activator, being clotted by a 
dilution of eoagulase of 1/40, instead of 1/640 which was 
effective for typical plasma. With both typical and atypical 
plasmas, the time required for clotting increased with in- 
creasing dilution of the eoagulase. At the higher dilutions 
(e.g. 1/50 and over), even the typical plasma clotted with 
increasing speed if increasing amounts of testis extract were 
added, while with both plasmas a really large amount .of 
eoagulase (1/10 dilution) caused rapid clotting without regard 
to added activator. The clotting time of highly diluted 
typical plasma (e.g. 1 /50) was greatly reduced by adding testis 
extract. Thus it appeared that even typical plasmas do not 
contain activator substance in optimal amount for all doses 
of eoagulase, that a sufficiently large dose of eoagulase will 
compensate for deficiency of activator, and that the pro- 
longed clotting time of highly diluted plasma is due at least 
in part to the dilution of activator. 

The fibrinogen-prothrombin complex of blood can be 
extracted free of kinase by dilution and acidification of 
plasma or by repeated precipitation with ammonium sulphate. 
Such preparations are clotted by eoagulase only if activator, 
e.g. in testis extract, is added. 

The combination of eoagulase with activator, which may be 
considered analogous to the combination of prothrombin with 
kinase, was shown by serial sampling of a mixture of coagu- 
lase and testis-extract to be a slow process compared to the 
rapid activation of prothrombin. Both activator and the 
activator-coagulase complex were shown to be heat-labile, in 
contrast -nith eoagulase, which is heat-stable. These facts 
taken together explain the apparent anomaly that guinea-pig 
plasma is slowly clotted by eoagulase at 20° C., though not 
at all at 37° C. The small amounts of activator in the 
plasma react slowly with the eoagulase and eventually 
produce clotting, but only if destruction of the complex 
IS reduced by keeping the mixture cool. Many experi- 
ments designed to elucidate the anomaly all supported this 

explanation. 


Thrombokinase and the eoagulase activator, both present 
in testis extracts, can be separated by dialysis, which removes 
the kinase, or by heat in the absence of electrolytes, which 
destroys the activator. 

From this careful and complete work the authors conclude 
that eoagulase cannot itself convert fibrinogen to fibrin, but 
that it requires the participation of an activator which is 
present in adequate amounts in some plasmas but deficient 
or lacking in others. Further work in progress is being 
directed towards concentrating the activator and investigating 
its nature. 
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RELATIVE STERILITY OF THE HANDS OF CERTAIN 
METAL WORKERS 

by I. Lominski & G. R. Thomson, British Journal of Industrial 
Medicine, 1, 165-167, July 1944 


In this short paper from the Departments of Bacteriology 
and Surgery, Glasgow University, and the Western Infirmary, 
Glasgow, the authors demonstrate that certain types of work 
with metals lead to a great reduction in the number of micro- 
organisms on the skin of the exposed parts of the hands and 
arms. The workers concerned were handling metal filings 
mixed with oil, the filings comprising copper, manganese, 
iron and other elements. Contact with filings alone or with 
oil alone did not have any sterilizing effect. 

Methods : The hygienic conditions and exact occupation 
of each worker were investigated with great care ; those in 
contact with such substances as bleaching agents, paints and 
antiseptic soaps were excluded. Forty workers handling 
metal filings with oil, in whom full and satisfactory investiga- 
tions were made, were compared with a control group of 
86 from various other occupations, including 12 metal 
workers not in contact xvith both filings and oil, 22 carpenters 
and 17 doctors and nurses. With few exceptions the 40 
workers in metal filings with oil had only one bath a week 
and only one hand-wash a day. 

At least 2 hours was allowed to elapse between hand- 
washing and taking the bacteriological samples. Six swabs 
which had been soaked in sterile saline were used for each 
individual ; areas about an inch square on the right palm, 
back of hand and outer side of forearm were each rubbed 
successively with two swabs, and each swab was inoculated 
on to two blood-agar plates. Colony counts w'ere made and 
averaged for the 4 plates inoculated from each area. In 
about 50 % of individuals, sampling was repeated after 2 
weeks ; these results were closely similar and were averaged 
with the first counts. 

Results : The statistical analysis was made on the swabs 
from the palm, since these were less often sterile and showed 
less variation in one individual than those from other sites. 
The counts were classified into 1 1 groups according to the 
number of colonies ; groups 0-2 contained 0-25 colonies ; 
3 _ 5 , 26-250 colonies ; and 6-10, 251 colonies to 5,000 or 
more. Of the 40 workers in metal filings with oil, 87-5^% 
fell into groups 0-2, and all were in groups 0-5 ; 12 (30 %) 
gave sterile swabs. Among the controls there were no 
sterile swabs and 59-2 %fell into groups 4-6 (51-500 colonies). 
Taking group 2 as the limit of “ cleanness ” it is shown 
that : 


i the proportion of “ clean ” individuals among workers 
’ in metal filings with oil = 87-5%; among control 
population =13-9%; 

ii. the percentage difference between the two popula- 
tions =73-6%; 

iii. this difference is 11-46 times the standard error, 
which = 6-42 %. 


discussion, the authors suggest that this relative sterilit> 
•s from the accumulation of fine metal panicles in 
itive organisms. They point out 2'*° . 
red a slicht relative sterility compared with other contro^ 
ips. and attribute this to antibacterial action b> th- 
Ids and related organisms present in wocxl. 
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THE BACTERIOLOGY OF BRAIN ABSCESS 

by A. M. McFarlan, British Medical Journal, 2, 643-644. 

20/11/43 

Dr. A. M. McFarlan, a member of the Emergency Public 
Health Laboratory Service, reports here a study of the bacteri- 
ology of brain abscess, made on behalf of the Medical 
Research Council. He points out that, as the patients had 
all been referred to neurosurgical clinics, the study docs not 
include fulminating cases, which might present a different 
bacteriological picture. 

Of the 48 patients studied, 36 were male and 12 female ; 
their ages were distributed between 5 and 53 years, with 
24 cases between 20 and 40 years of age. Among probable 
sources of infection ear-disease predominated, accounting 
for 18 cases. 

Films of the pus were stained by Gram and Zichl-Ncclsen 
methods. In all cases aerobic and anaerobic cultures were 
made on horse-blood agar plates and in ox-scrum broth. 
When examination suggested the need for enriched or 
selective media Fildes’s agar, 20 % ox-scrurp agar, or horse- 
blood agar with crystal violet (I in 500,000) or sodium 
azide (I in 1,000) were used. 

One abscess showed no organisms in films and was sterile 
on culture. Of the remaining 47, 33 showed a single or- 
ganism and 14 more than one. The commonest organism 
was Staph, aureus, found in 15 abscesses (in pure culture 
in 13) distributed evenly through the various age-groups. 
All strains were coagulasc-positivc. Anaerobic streptococci 
were found in 10 abscesses (in pure culture in I) and fusiform 
bacilli with varyirig biochemical and cultural characters in 
10 (in pure culture in 2). The other organisms found (the 
number of times in pure culture is given in parentheses) were — 
Strept. pneumoniae 6 (6) of which 4 grew only anaerobically 
in the primary cultures ; Strept. pyogenes 4 (4), all of group A 
(Lanccfield) ; Strept. viridans 2 (1) ; non-hacmolytic and 
unclassified streptococci 5 (2) ; Proteus vulgaris 6 (2) ; 
anaerobic diphtheroids 2 (0); Micrococcus tetragenus 1 (I); 
and H. influenzae, seen alone in films once, but not grown in 
culture. 

The author notes that though streptococci were common 
they were of several different types which could not justifiably 
be classed together ; the staphylococcus therefore was the 
commonest single organism. The finding of anatrobic 
streptococci and pneumococci as well as of anaerobic fusiform 
bacilli and diphtheroids indicates the importance of making 
anaerobic cultures when investigating brain abscesses. The 
author- points out that it is consonant with experimental 
work (Wamoschcr & Vasarhelyi, 1933 ; Falconer, McFarlan 
& Russell, 1943) to suggest that brain abscesses due to 
anaerobic organisms originate in foci of lowered oxidation- 
reduction potential (Fildes, 1927) produced by a vascular 
accident or by aerobic organisms which later die out. 

A careful study was made of the degree of encapsulation 
of the abscesses, but as this was found to vary greatly between 
the superficial and deep parts even of the same abscess no 
conclusions could be drawn as to whether enrapsulation and 
bacterial flora were correlated. Anaerobic and Gram- 
negative bacilli were several times found in abscesses with a 
well-developed capsule. 
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BIOCHEMICAL CLASSIFICATION OF COLIFORM 
BACILLI IN SPUTUM 

by R. Salm, Edinburgh Medical Journal, 51, 247-251, May 
1 944 

The author, working in the Bacteriological Department of 
the Royal Infirmary, Edinburgh, made a systematic classifica- 
tion of the cohform bacilli found in sputum. About 1 
sputum in 5 yielded coliform organisms, and 100 coliform 
strains were isolated from 80 sputa. The primary isolation 
was made from blood-agar and McConkey plates, after 
incubation for 48 hours. 

Coliform bacilli cannot be grouped serologically, as an 
anliscruin seldom agglutinates any strain except that used to 
prepare it. Pathogenicity to animals is variable. Classifica- 
tion must therefore depend on in vitro biochemical reactions, 
and in this work the following were used : fermentation of 
glucose, lactose, dulcite, saccharose, mannite, maltose, 
adonitc and inositc ; changes in litmus-milk and gelatine ; 
and the “ Imvic ” reactions, that is (i) indol test, (ii) methyl- 
red test, (iii) Voges-Proskauer reaction (O’Meara’s modifica- 
tion) and (iv) Koscr’s citrate-utilization test. All the media 
were incubated at 37° C. for 48 hours, except gelatine which 
was kept at room-temperature for 2 months. 

The strains were classified into 7 groups ; 

1. B. coli. Thirteen strains fell into this group, which 
consisted of those which gave the 4 “ Imvic ” reactions (in 

the above order) as + -j . All fermented glucose, 

lactose, mannite and maltose with production of acid and 
gas, and 9 were motile. 

2. B. anaerogenes. Distinguished by the fermentation 
of two or more sugars with production of acid only. Seven 
strains fell into this group. Five were motile, and 3 liquefied 
gelatine. 

3. B. proteus-morgani. Distinguished by fermenting only 
glucose. Eleven strains, of which 3 produced acid and gas, 
and the rest gas only. Six liquefied gelatine. Voges-Proskauer 
negative in all. 

4. B. pyocyaneus. Distinguished by production of blue- 

green pigment. Five strains, all motile, fermented glucose with 
production of acid only, and liquefied gelatine. “ Imvic ” 
reactions h were the same for all. 

5. B.faecalis alkaligenes. Distinguished by not fermenting 
any sugar. Eight strains, only two of which were motile. 

6. B. friedlander-aerogenes. This group consisted either 
of strains which fermented adonite and/or inosite with 
production of acid or acid and gas, or of those which gave 

“ Imvic” reactions h +• Thirty strains fell into the 

group, of which 17 were mucoid and 7 were motile. Maltose 
was fermented by all and mannite by all but one ; 1 1 fer- 
mented litmus-milk with acid, and 2 with acid and clot; 
7 liquefied gelatine. Two of the motile strains gave the 
above “ Imvic ” reactions, which are characteristic of true 
B. aerogenes. 

1. B. coli intermedins. In this group were placed all strains 
which could not be classified in 1-6. Twenty-five strains; 
14 showed motility, 10 liquefied gelatine, 12 fermented milk 
with acid and 5 with acid and clot. 5 did not ferment 
lactose. The “Imvic” reactions varied, though all strains 
gave methyl-red -r. They resembled the B. coli group in 

all respects except that the “ Imvic ” reaction + -I 

was by definition excluded. 

In addition, one strain which was indistinguishable from 
a coliform bacillus on primary culture became partially 
Gram-positive in subculture and proved to be a leptothrix. 

In discussion, the author points out that, although the 
classification was in some respects arbitrary, the great 
majority of strains fell definitely into one group or another. 
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A HISTORY OF COMPARATIVE ANATOMY 
From Aristotle to tlic Eighteenth Centurj- 
bvF. J. Cole. London, Macmillan & Co. Ltd., 1944. 524 pages ; 
200 illustrations. £I lOs. [£1.5] 

History books too often prove to be compilations of svhat is 
already knoom, with, perhaps, a little additional matter to bring 
the work up to date. It is, therefore, especially pleasing to record 
the appearance of this book, which shows evidence of much original 
research on the part of the writer. Professor Cole is a former 
holder of the chair of zoology in the University of Reading and 
enjoys a world-wide reputation as an authority on the history of 
zoolog)’. Comparative anatomists, zoologists, and in fact all 
who are interested in the history of the biological sciences, will 
welcome this critical review, which traces the development of com- 
parative anatomy from the time of Aristotle to the beginning of the 
eighteenth century. Although the material is arranged chiefly 
under the various comparative anatomists, biographical detail is 
reduced to a minimum and relegated to an appendix, for, as the 
author himself reminds us, this aspect is one which has been 
traversed so often before that it is more profitable to confine the 
text of such a book as this to material which has hitherto partly 
or wholly escaped attention. This docs not mean that the bio- 
graphical material is inadequate or that the work of the more 
eminent comparative anatomists receives insufficient attention. 
The whole story is fold and the records of fundamental achieve- 
ments are linked together with less well-known but nevertheless 
important developments. The writer has obviously sought widely 
for his material and has succeeded both in bringing to light some 
new facts and in correcting some errors. The book is extremely 
well written and includes some excellent illustrations, a number of 
wluch are not easily available elsewhere. There is a useful ap- 
pendix of biographical notes on all impoftant comparative 
anatomists,_a well-selected bibliography and a full index. 

_ After an introductory chapter on fet statements of the compara- 
tive method, the remaining 34 chapters are arranged in the following 
^oups : (i) the contribution of Greece ; (ii) zootomy down to the 
^teenth century ; (iii) the development of craftsmanship ; (iv) 
H^’ey : the encyclopidists ; (v) the new comparative anatomy ; 
(vi) the Dutch school ; (vii) academies and societies ; the anatomy 
lesson ; (viii) the anatomical museum. 

Professor Cole is to be congratulated on the completion of this 
scholarly work, which will take a permanent place in the literature 
on the history of science. We can but hope that he will one day 
provide us with a second volume, bringing the story up to the 
present day. 
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A GUIDE FOR THE TUBERCULOUS PATIENT 
by G. S. Erwin. London, William Heinemann (Medical Books) 
Ltd., 1944. 115 pages. 3s. 6d. [£0.175] 

Tuberculosis is one of those diseases in which the intelligent 
co-operation of the patient is essential, both during and after 
treatment. For this reason it is necessary to explain to him the 
of diagnosis and treatment, and how he can live 
safdy after the ^riod of his treatment has been completed. Just 
such M explanation is provided by this book, written by the medical 
superintendent of Liverpool Sanatorium. As the author points 
out, the tuberculous patient undergoing treatment hears and 
tnany of the technical terms in daily use around him ; 
such knowledge makes further reading less difficult. The patient 
'^/™oos to learn more about his disease and to co-operate 
w the lull in his treatment will find this book a most useful guide, 
tne wnter is rareful to explain the meaning of all technical terms 
mpioyed m the book, and in ten short chapters he discusses (i) the 
rauses of tuberculosis ; (ii) how the disease is discovered ; (iii) 
omplications ; (iv) treatment, general; (v) treatment, special; 
^ 1 ) nome and institutional treatment ; (vii) the post-sanatorium 
gime ; (vin) miscellaneous information ; (ix) legal and other 
tuberculosis. Particular care has 
l^^P'^uung the post-sanatorium regime, and the 
p )^ician can safely prescribe this book for his tuberculous patients. 
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MINOR SURGERY 

2nd edition. London, H. K. Lewis i 
, 1544. 392 pages ; 201 Ulustrations. 15s. [£0.75] 

siim’*r?n practical procedures which can be regarded as “ minor ’ 
Attentinn*'’^'n''°'^^ d^cribed by Mr. Love and his collaboraton 
diaennffio'* given to the examination of the patient, am 

sulfinn.rnnm'^°^^9i'^ Capable of being carried out in the con 
are fol'imvS described. Sections on antisepsis and asepsi 
bandaer^ i™ “..'^“CT'Ption of wound toilet. The principa 
svs are desenbed ; there is a section on the treatment o 


hernia. The chapter on minor surgical operations includes de- 
scriptions of blood transfusion, shock and resuscitation, cysts, 
bursx, tumours, dental extractions, tonsillectomy, removal of 
adenoids, abdominal paracentesis, the treatment of hsmorrhoids, 
infections of the hand and foot, amputations. A quarter of the 
book is devoted to fractures and dislocations, and this contains 
some c.xcellent illustrations. The book, which is intended as a 
guide to hospital residents and general practitioners called upon to 
deal with minor surgical problems and common surgical emer- 
gencies, is well produced and profusely illustrated. 

Chapter headings : (i) examination of the patient ; (ii) antisepsis 
and asepsis : (iii) preparation of a patient for operation ; the 
operation, after-treatment ; (iv) wounds ; (v) the vascular system ; 
,(vi) cellulitis and abscess ; (vii) bandaging, slings, knots, strapping ; 
(viii) hernia ; (ix) minor surgical operations (by R. E. Noirish 
and A. W. Bone) ; (x) genito-urinap’ surgery (by A. W. Badenoch) ; 
(xi) the eye and ear ; (xii) anaesthetics (by D. Blatchley) ; (xiii) frac- 
tures and dislocations (by F. P. Fitzgerald). 
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A MANUAL OF DISEASES OF THE EYE 
by C. H. May & the late C. Worth. 9th edition, rerised by M. L. 
Hine. London, Bailliere, Tindall & Cox, 1944. 538 pages ; 
371 illustrations. 16s. [£0.8] 

This is a concise, practical manual of the diseases of the eye, 
arranged on systematic lines and intended for the student and the 
general practitioner rather than the specialist. Whilst it gives 
all the essential facts on ophthalmolo^ and describes fully the 
common diseases of the eye, rare conditions and unrommon affec- 
tions are dealt with as briefly as possible. Notable in the sections 
on treatment are the incorporation of work on sulphonamide and 
penicillin therapy, which are becoming increasingly important in 
ophthalmic practice. Careful consideration is given to vitamin 
therapy, and attention is called to some tests for dark adaptation, 
which have come into greater prominence under wartime conditions. 
Many other changes have been made in this edition, bringing it up 
to date and in full accord xvith modem teaching. A number of 
the illustrations are in colour. 

Chapter headings : (i) examination of the eye ; (u) subjective 
or functional examination of the eye ; (iii) objective examination 
of the eye conducted in the dark-room ; (iy) the slit-lamp and 
comeal microscope ; (v) affections of the eyelids ; (vi) diseases of 
the lacrymal apparatus ; (vii) diseases of the orbit ; (viii) diseases 
of the conjunctiva ; tix) diseases of the cornea ; (x) diseases of the 
sclera ; (xi) diseases of the iris ; (xii) diseases of the ciliary body ; 
(xiii) diseases of the choroid ; (idv) intra-ocular tumours ; (xv) 
glaucoma ; (xvi) diseases of the vitreous ; (.xyii) affections of the 
lens * (xviii) diseases of the retina ; (xix) diseases of the optic 
nen’e; (xx) amblyopia and functional affections of the retina; 
(x-xi) general optical principles ; (xxii) optical consideration of the 
eye • (xxiii) errors of refraction ; (x-xiv) paralyse of external 
ocular muscles; (xxv) comitant squint; (xxvi) heterophoria ; 
(xxvii) operations on the external ocular muscles ; (rasiii) the 
ocular manifestations of general diseases ; (x-xix) ophthalmology 
in the tropics ; (xxx) ocular therapeutics ; general rul^ for oj^ra- 
tions upon the eye ; (xx-xi) eye injuries in war time ; (xx.xii) visual 
reauirements for British and Indian public services. 


AIDS TO CLINICAL PATHOLOGY 
Including Post-Mortem Technique 
3. Haler. London, Bailliere, Tindall & Cox, 1944. 358 pages. 
[£0.3] 

■htc small book is an up-to-date combination of twx) earlier 
■'tical vatholo^y. It has been compiled b> ^ tne no^rao 

^.SliHr^hSd^^fdS^ 

,n introduction to the 



ardt, Pettenkopfer, KmukenDerg^^auu^ - 

F.bancrofm, romected’in future editio-os. It 

icy * (viu) biochernistrj . 
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606/94 


THE RECORDING OF SICKNESS ABSENCE 
IN INDUSTRY 
(A Preliminary Report) 

by A Sub-Committee of tbe Industrial Health Researcli Board. 
Medical Researeh Council, Industrial Research Board Report No. 85. 
London, H.M. Stationery Oilicc, 1944. 17 pages. 4d. [£0.016] 

The recording of sickness absence in industry makes it possible for 
industrial organizations to determine thcciTectivc labour strength (ns 
opposed to book strength) of their staffs, and enables a check to 
be kept on the effects of conditions of work on the health of those 
employed in the various departments of the factory, shop or office. 

The Industrial Health Research Board iias considered various 
methods of recording absence due to sickness and has suggested 
a uniform method of recording sickness rates in order to enable 
valid statistical comparison to be made. After discussing the value 
of health and sickness records, the report outlines methods of 
obtaining information and of recording sickness absence. The com- 
pilation of a sickness absence return is suggested, to give a monthly, 
quarterly or annual summary. Siekness absence should be grouped 
as far as possible into those classes of disease which may have some 
relation to the working environment, and a nomenclature of* 
diseases for the classification of certified sickness and accidents is 
provided in the report. 


606/95 

THE VENEREAL DISEASES 
A Manu.al for Practitioners and Students 
by James Marshall. London. Macmillan & Co. Ltd., 1944. 
348 pages ; 8 coloured plates and 105 illustrations. £1 Is. [£1.05] 

The author of this work, who is venereologist to the Eastern 
Command and a former medical officer of the London Lock 
Hospital, considere that the time is ripe for a general review of 
the methods of diagnosis and treatment of the venereal diseases. 
He believes that the average case of venereal disease may \vcll t)c 
treated in private practice, and he has, therefore, prepared this 
full account of methods most suitable for such a purpose. 

The various manifestations of venereal and allied diseases arc 
described. Recent advances in the chemotherapy of %'cncrcal 
disease promise more rapid methods of treatment, and the author 
includes an outline of the experimental work on massive arseno- 
therapy for syphilis. It is unfortunate that this book was printed 
before full details of the results of clinical trials with penicillin 
had become available, ft is possible that penicillin, or a similar 
antibiotic, wll prove to be the chemotherapeutic agent par excel- 
lence for both gonorrhoea and syphilis. Although in syphilis 
penicillin may supersede massive arscnothcrapy, this latter form 
of treatment has proved very successful, but requires hospitaliza- 
tion of the patient. Modem methods of fever therapy arc also 
described. The sulphonamidcs, which have become important 
in the treatment of gonorrhcca, arc fully discussed ; owing to 
present difficulties of supply, the author has devoted more space 
to sulphapyridine than to sulphathiazole and sulphadiazinc, 
although the last two arc to be preferred. In the descriptions of 
routine treatment alternative schemes arc avoided as far as possible. 

Chapter heading ; Part I, gonorrhoea ; (i) introduction, 
(ii-iii) gonorrhoea in the male, (iv) gonorrhoea in the female, 
(v) aspects of gonorrhoea common to both sexes, (vi) vulvo- 
vaginitis in children, (vii) urethral stricture, (viii) the sulphona- 
mides ; Part If, syphilis : (ix) introduction, (x) diagnosis, 
(xi-xli) early syphilis, (xiii-xv) late syphilis, (xvi) congenital 
syphilis, (xvii-xviii) treatment, (xix) prognosis ; Part III, 
other venereal and allied diseases : (xx) rarer venereal diseases, 
(xxi) other diseases encountered in venereology ; Part IV, trch- 
nique : (xxii) practical instructions. There arc, in addition, 
appendixes on (i) sociology of venereal diseases, and (ii) list of 
special equipment ; and a short bibliography. The book is well 
illustrated and includes 8 coloured plates. 


606/96 

LOCAL AN/ESTHESIA : BRACHIAL PLEXUS 
by R. R. Macintosh & W. W, Mushin. Oxford, Blackwell 
Scientific Publications Ltd., 1944. 56 pages ; 33 illustrations. 
10s. 6d. [£0.525] 

Until 1940 the main disadvantage of brachial plexus block was 
the uncertainty of success. In that year Patrick described a tech- 
nique which for the first time enabled the procedure to be 
undertaken with the assurance that antesthesia would result. The 
monograph now under review is written by two members of the 
Nuffield Department of Anassthetics in the University of Oxford, 
n nd thev have based their work on Patrick’s method. All the deep 
structures of the upper extremity, and the skin distal to the middle- 
of the upper arm, are rendered insensitive by brachial plexus 

After a brief description of the pioneer work of Halsted, Crile, 
Hirschel and Kulenkampff in the anaesthetization of this regiqn, 
discuss its indications and advantages, and describe 
the anatomy on supraclavicular area and their own 
in detail ^ . .-..nrariavicular injection of the brachial plexus. 

Unimak Sn^/^ tiuthors themselves point 
The hnique IS one in wnicn,^^^ conveyed by pictures than by 

out, j ojjjj ^vhile the text lacks nothing in detail, the 

the printed word ana, wn McLarty, are an out- 

SdfngTeatSr'e of thk little book. Many are in colour and all. 
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like the text, arc well produced on excellent nan,.r n. u . 
fortified by a few important references to^ tL 
brevity and lucidity make it an exSt evimnli ^r^ 
medical monograph ; it is an iWiant rnnfr"^- 
literature on anresthes a. '"iporlant conlnbu^on to the 


606/97 

AIDS TO THEATRE TECHNIQUE 

by M, Houghton & M. Harding. London, BailbTrc, TindaU & 
Cox, 1944. 262 pages ; illustrated. 4s. [£0.2] 

Tffis latest addition to the Nurses' Aids scries of small textbooks 
has been compiled by the sister tutor and the senior theatre sSr 
ol Unnersity College HospUal, London. A good memory and an 
extensive experience of theatre technique are essential in the 
theatre nurse, and this little book provides a satisfactory basis on 
which the student nurse can build her knowledge of theatre in 
struments and appliances ; it will also serve as an aid to memory 
for the qualified nurse who, without previous theatre experience 
may find herself confronted with the task of preparing for an 
emergency operation. The illustrations are a notable feature of 
the book ; in the chapters on surgical operations are depicted 
trolleys completely equipped for various operative procedures. 
Tlic more common positions of the patient on the operating fable 
arc also well illustrated. The book is well printed in small but 
clear type, on good paper. A great deal of useful information 
IS incorporated in its 21 chapters ; a glossary of instruments and 
a full index arc provided. 


606/98 

THE MEDICAL ANNUAL, 1944 
edited by Sir Henry Tidy & A. Rcndle Short. Bristol, John Wright 
& Sons Ltd., 1944. 404 pages ; 40.plates. £1 5s. [£1.25] 

This publication, now in its 62nd year, is an annual review of 
medical and surgical progress, a digest of the important literature 
of the world during the previous year. It appeals particularly 
to general practitioners and others as a means of keeping abreast 
of recent progress. The very comprehensive series of articles 
on many subjects is compiled by 41 eminent medical and surgical 
authorities in Britain. In their introduction, the editors record a 
number of topics .which have aroused more than usual interest 
during the year under review. Wc may mention the particular 
attention paid to infective hepatitis, epidemic nausea and vomiting, 
mass miniature radiography, rehabilitation. As is to be expected, 
a great deal has been written during the year on Nvar surgery. 
An article on ageing (geriatrics) is of interest as indicating the 
increasing attention which must be given to the problr.ms of old 
age. Although much had been written on penicillin therapy before 
this book was prepared, no separate article is devoted to the drug. 


606/99 


PYE’S SURGICAL HANDICRAFT 


A Manual of Surgical Manipulations, Minor Surgery, and Other 
Matters Connected with the Work of Surgical Dressers, House 
Surgeons, and Practitioners 

edited by Hamilton Bailey. 14th edition. Bristol, John Wright & 
Sons Ltd., 1944. 628 pages ; 724 illustrations. £1 5s. [£1.25] 

Pyc has been in existence since Lister’s day and with Ihe apf^r- 
ance of this fourteenth edition, celebrates its sixtieth birthday. 
Wc can recall only one other British medical book (Gray s Anatomy) 
which has survived as long. This edition is a collective O' 
80 chapters, contributed by 46 authorities under the editorship oi 
Hamilton Bailey. The editor himself is responsible for numerous 
chapters, but his most notable contribution is perhaps the pr^ 
fusion of excellent illustrations, an important feature in other worxs 
from his pen. A number of these illustrations are m colour, 
all have been carefully selected with a view to illustrating the tec 
nical procedures involved in minor surgery. 

Each subject has been carefully revised by its 
The advantage of individual contributors for sprcial subjects is 
obvious, and nowhere better illustrated than in this book, 
has the added advantage of expert editorship. Productio 
the highest standard, and the index is, as usual, , . 1 , 1 . 

This book is an essential tool for the house surgeon and a valuable 
Dost-graduate education for the general practitioner. 


06/100 


A TEXT-BOOK OF GYN/ECOLOGY 
for Students and Practitioners 


y James Young. SLxth edition. London, A. & C. Black. 1944. 
43 pages ; 255 illustrations. £1 5s. [£1.25] 

T-hie tpvf hnok is by the director of the obstetrical and gynx- 
This , British Postgraduate Medical School^ who is 

of SteScs .„d'g,n«oloH in ,he VMi, of 
SO proiessor ^ comprehensive orthodox account of 

ondon. B^si S noted for its good 

le subject, the . -pjogy of menstruation and the sex hor- 
:scription of ‘^e pnysm illustrations, has 

ones. A.oouiP’ pHitfon completely up to date and in fine with 
■ought this new p.p excellent new illustrations have been 

idedVnrsorae old ones discarded. This is an excellent short 
xt-book of the subject. 



Chapter hcadincs : (0 external genital organ-:, \-apina : (it) 
uterus, uterine ligaments, pelvic floor ; (iii) fallopian tubes, ovaries, 
parovarium ; (iv-vi) menstruation ; (vii-viii) history, physical ex- 
amination ; (iv-xi) disorders of menstruation ; (xii) the menopause 
and its disorders ; (xiii) disorders of function of procreation, dys- 
pateunia, sterility : (xiv) Icucorrhrea : (xv) pain in gymccology : 
(\vi) sj-mptoms relating to the urinary system in gynrccology ; (xvii) 
ssmploms relating to the gastro-intestinal tract in gynatcoiogy ; 
(xviii) anterior displacements of the uterus, acute ante-llexion ; (xix) 
tackward displacements of uterus : (xx) genital prolapse, prolapse 
of the uterus, cystoccic, rectoccic, complete tear of the perineum ; 
(xxi) inversion of the utems, lateral and upward displacements ; 
(xxii) bactcriolo©’ of the genital canal in health, physiology of 
the vagina at different ages : (xxiii) bacteriology of the genital 
canal in disease, puerperal infection, gonorrhcca ; (xxiv) infection 
of the genital canal through the blood-stream, tuberculosis ; 
(xxv) inflammation of the vulva and vagina ; (xxvi) inflammation 
of the uterus ; cervicitis, endometritis, metritis : (xxvii) inflam- 
mation of the fallopian tube and ovary, salpingitis and salpingo- 
oSphoritis; (xxviii) inflammation of the pelvic cellular tissue, 
parametritis ; (.xxix) pregnancy in ovary, abdominal cavity, and 
fallopian tube ; (xxx) new growihs of vulva, urethra, and vagina : 
(xxxi-xxxii) fibroids of uterus ; (xxxiii) polypi of uterus, elongation 
of the cervix ; (xxxiv) sarcoma of uterus : (xxxv) carcinoma of 
uterus; fxxxvi) chorioncpithclioma ; (xxxvii) endometrioma and 
adenomyoma : (xxxviii) distension cysts of the ovary : (xxxix- 
xli) tumours of the ovary; (xlii) tumours of the tube and broad 
ligament ; (xliip development, defects of development, atresia : 
(xJiv-xJvi) vaginal and vulvar operations ; (xlvii) abdominal 
operations; (.xlviii) minor gynecological procedures, douching 
and tamponing, diathermy. 


6Q6;i0t 

ROYAL COLLEGE OF SURGEONS OF ENGLAND 
General Annual Report of the Council, 1944 

published by the College, Lincoln's Inn Fields, London, W.C. 1, 
1944. 28 pages. 

This report records the work of all departments of the College 
during the year ended 31 July, 1944. 

On 8 March, 1944, H.M. The King and H.R.H. The Duke of 
Gloucester visited the College. The Duke of Gloucester was 
admitted to the Honorary Fellowship of the College by the 
President, Sir Alfred Webb-Johnson. 

Examinations. During the year 26 Fellows and 628 Members 
were admitted after passing the College examinations. The 
Counnl propose to seek power to grant the Fellowship to ophthal- 
molopcal candidates who pass the primary examination and a 
social final examination equal in standard and similar in form to 
the ordinary examination but with subjects mainly ophthalmo- 
logical, 

‘f/r If. Collins Chair of Pathology. Sir William Henry 

Collins has given £100,000 to the College for the endowment of 
the Department of Pathology and the institution of a chair of 
human and comparative pathology. Sir William has also arranged 
to bequeath a further £100,000 for the endowment of the Depart- 
ment of Anatomy and the institution of a chair of human and 
comparative anatomy. This is one of the greatest gifts ever 
bwtovved on the College. In recognition of this and many other 

literal acts and distinguished labours eminently conducive to 
the improvement of natural knowledge and of the healing art,” 
Sir William H. Collins was awarded the honorary medal of the 
College. 

Library. Much of the library is still evacuated to the country 
™t a small working library has been open to readers throughout 
the y^r. Accessions include 155 modern books and a number of 
historical items. Some additions have also been made to the list 
of current periodicals regularly received. 

Lincoln's Inn Fields site. The College has acquired additional 
space ill Lincoln’s Inn Fields, and hopes that the Royal College 
of Physicians and-the Royal College of Obstetricians and Gyni- 
cologists will agree to come together in combined or adjacent 
buildings on this site. 

White Paper on “ A National Health Service ”. At a meeting 
of the Fellows of the College, held on 8 May, 1944, the White 
Paper was discussed. A brief account of the meeting is contained 
in the report. 

The report records awards made, lectures and demonstrations 
given, and elections held during the year. The research work 
outlin^ in the report is given in greater detail in the College’s 
Scientific Report, reviewed in BMB 606/102. 


606/102 

ROYAL COLLEGE OF SURGEONS OF ENGLAND 
Scientific Report for the Year 1943-44 
published by the College, Lincoln’s Inn Fields, London, W.C. 1, 
1944. 24 pages. 

■Hiis report is divided into two sections dealing with (i) museum 
aclivities„and (ii) research. 

Museum. During the year the museum staff have been princi- 
pally occupied with the supervision of museum specimens at the 
various centres to which the collection was dispersed earlier in the 
war. No museum specimen has b^n damaged or destroyed from 
sxiuse during the period under review, and the Council of the 
College pay tribute to the authorities of the various institutions to 


which material has been dispersed for their continued kindness in 
accommodating such material. 

Donations included sets of old surgical insirumenis anrl a 
photograph of the outer cofiin which enclosed Hunter's remains, 
taken after its discovery in the vaults of the church of St. Martin- 
in-lhc-Ficlds in 1859. 

Additions to the museum comprised 286 specimens. Tvventy- 
foiir demonstrations and lecture demonstrations were held in the 
museum and 14 papers on subjects connected with the museum 
were published. 

Research has been confined to (he Bernhard Baron Research 
Laboratories; no surgical research has been possible at the 
Buckston Browne Research Farm since 1940. 

Progress is reported in the production of papain-trypsin digests 
of casein suitable for intravenous administration. In addition, 
(he facilities of the laboratories have been placed at the disposal 
of the Medical Research Canned for testing the products of various 


firms. , ~ - • 

The scries of experiments designed to test the effect of various 
sulphur-containing amino-acids on the incidence and severity of 
Jiver damage during arscnothcrapy for syphilis has b^n extended, 
and results obtained have shown that with certain protective 
treatments the incidence of liver damage can be considerably 
reduced. .... j- j 

Four cases of acute carbon-tetrachlonde poisoning were studied. 
In such cases acute liver necrosis is apparently the cause of death. 
One case recovered with methionine treatment ; in another, 
where there was a combination of hepatic and renal dysfunction, 
methionine and chlorine were both employed, on tl^ assumption 
that the renal dysfunction was related to choline dencien^. 

The value of protein synthesis in hepatic disease has also been 
demonstrated. There arc good reasons for believing that infective 
hepatitis adversely affects the synthesis of specific antibodiK, and 
methionine and intravenous casein digests rich in methionuie 
appeared to produce good results in infective hepatitis, homolo- 
gous scrum jaundice and severe bums. j 

Work on nerve regeneration after section and suture has produced 
valuable information on such diverse problems as the rate ol 
degeneration and regeneration of axons of different si^, and the 
relation between the state of the myelin sheath and the onset ot 

flinrfmn. 


.06/103 

AIDS TO ORTHOP/EDIC SURGERY AND FRACTURES 
>y I. E. Zieve. Second edition. London, Baillicre, Tindall and 
Zox, 1944. 270 pages. 6s. [£0.3] 

This useful volume of the Aids series first appeared in 1929, 
vritten by E. Crook, of Charing Cross Hospital, London, and 
he new edition has been prepared by the surgical registrar of the 
ame hospital. The book is a short survey of 'I 

•uiiable for revision purposes. The greater ^ 

leveled to the locomotor system and deals with the effects of a1> 
lormal development, injury, inflammation and new ^owlhs; a 
•hapter discusses the effects of these same influence on 
lystem, and a final chapter considers a^uired defo^ties. There 
s obviously no space in a small book such as this the W1 
iescriptions and numerous illustrations one exprcts in a text-book 
3 ut in the limited space at his disposal, the author has suci^ded 
n providing a great deal of information concisely wntten and well 

‘^hlSr Sni: "(ifcongenital deformities; ©fractures; 
iii) injuries to joints, muscles and tendons ; (iv) inflammalo^ 
iiseases of bones ; (v) inflammatory diseases of jomts, muscles, 
endons and burs® ; (yi) new growths of bone ; (\ti) paralyses , 
nrc»H deformities. 


}6/104 


TROPICAL MEDICINE 


f Sir Leonard Rogers & Sir John M'. D. Megaw. Fifth edition, 
ondon, J. & A. ChurchiU, 1944. 518 pages ; 89 illustrations. 
1 Js. [£1.05] 

In the preface to the first edition of this Iwok (1930) the authors 
Tote • “ Considering the number of excellent books on Tropial 
Sfeine which are on the market, the i^ue ‘his volume alls 
Jr an explanation.” No explanation for the fifth edi^ is 
ecessary, for in the intervening years the book has itself become 
ne of those “ e.xce!Ient books ". Both its authors have 
leir Jives to the study of tropical disease, and their \art e.\penence 
, reflected in the book, particularly in those sections dealing with 
iseascs upon w’hich they are recogmzed authomies 
The book is devoted chiefly to the recognition and managem-nt 
fthe commoner diseases of warm climates ; it contains onlj such 
emik of^icroscopical technique as the general praamoner an 
am- out in his hospital or study. Spcoal attention is pa.d to the 
eographial distribution of the more 'ftportant tiisascs. Bo.h 
uthors have spent many yars in India, and the diseases pnnal-.nt 
1 that continent arc given special consideration. 

In the fifth edition, much has been rewntien ej^a j in t h - 
bapters on malaria, kala-arar. t>Th^ 

iprosy, and the dietetic diseases. At the 

ddiiional military medical officers serving m trapial „nd saN 
■opial areas ; many unfamiliar problems will Lee them, jms 

ook should prove especially hdrfuUo them 

otes intcRpersed throughout the text prose t... .^. ^ 

le authors and tempt the histonally-mir.ded read- to re— to 
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ihe original accounts of important contributions to tropical medi- 
cine. Perhaps in a future. edition, the writers will find space for a 
bibliography of the authorities cited. The book includes a number 
of good illustrations, and a full index is provided. 

Chapter headings; (i) malaria, including blackwater fever; 
(ii) kala-azar ; (iii) trypanosomiasis, sleeping sickness and Chagas’ 
disease ; (iv) relapsing fevers, rat-bite fever ; (v) the leptospirosis 
group of diseases ; (vi) yellow fever ; (vii) the dengue group ; 
(viii) the typhus fevers ; (ix) plague ; (x) undulant fever ; (xi) amoe- 
bic dysentery ; (xii) amoebic hepatitis and liver abscess ; (xiii) bacil- 
lary dysentery ; (xiv) cholera ; (xv) hill diarrhoea and sprue ; 
(xvi) leprosy ; (xvii) yaws ; (xviii) oriental sore ; inguinal ulcera- 
tive granuloma ; tropical ulcer ; Madura foot ; dermatomycosis ; 
ainhum ; chigger disease ; lymphogranuloma or climatic bubo ; 
(ix) ankylostomiasis ; (xx) filariasis ; (xxi) schistosomiasis ; 
(xxii) snake poisons ; (xxiii) dietetic errors in the tropics ; 
(xxiv) dietetic diseases in the tropics ; (xxv) climate as a disease 
factor ; diseases- caused by heat ; diseases caused by light ; 
(xxvi) the incidence of general diseases in the tropics ; (xxvii) hints 
on the use of the microscope ; (xxviii) general remarks ; diagnosis 
of fevers ; case-taking. 


606/105 

AFTER-TREATMENT 

A Guide to General Practitioners, Housc-OlHccrs. Ward Sisters 
and Dressers in the Care of Patients after Operation 

by H. J. B. Atkins. .-Second edition. Oxford, Blackwell Scientific 
Publications, Ltd., 1944. 311 pages ; 60 illustrations, 18s. [£0.9] 

When the patient leaves the operating theatre his future welfare 
depends to a great extent on the kind of after-treatment he receives. 
This book is written for those who are called upon to undertake 
the post-operative care of patients. The author, who is assistant 
surgeon to Guy’s Hospital, has interpreted “ after-treatment ” in 
its widest sense, to include the treatment necessary after such 
injuries as bums, concussion, contusion ; post-operative diet, 
fluid administration ; the control of vomiting ; sleep ; regulation 
of the bowels ; the care of wounds. Details of the after-treatment 
of specific operations arc dealt with on a regional basis. Par- 
ticular attention is given to the problem of peritonitis, to the 
colostomy patient, and to the after-treatment of fractures. Highly 
specialized operations such as craniotomy for cerebral tumour, 
lobectomy, thoracoplasty and plastic operations arc not included, 
as the author considers that after-treatment in these relatively 
new fields has not yet become standardized. 

The first edition of the book appeared in 1942 and was well 
received ; in this second edition new chapters on the post-operative 
treatment of children and on rehabilitation have been added, 
together with new sections on post-operative coronary thrombosis 
and the management of the diabetic patient in the post-operative 
period, and new material in the chapters in genito-urinary surgery 
and head injuries. The remainder of the text has received careful 
revision and additions have been made to the illustrations. This 
is an excellent book, of value to every member of the surgical 
team. There is a full index. 

Chapter headings : (i) early post-operative treatment ; (ii) opera- 
tion wounds, scars and bums ; (iii) the ear, nose and throat ; 
(iv) the thyroid and breast ; (v) the chest ; (vi-viii) the abdomen : 
(ix) the genito-urinary system ; (x) amputations and other opera- 
tions on the limbs ; (xi) fractures ; (xip the nervous system ; 
(xiii) operations on children ; (xiv) rehabilitation. 


606/106 


LONDON COUNTY COUNCIL 


Interim Report of the County Medical Officer of Health and School 
Medical Officer for the year 1943. London, P. S. King <55: Staples, 
Ltd., 1944, 30 pages. 6d. [£0,025] 

This report is presented by Sir Allen Daley, County Mediral 
Officer of Health and School Medical Officer. Although a sknder 
booklet compared with the pre-war reports, it contains sufficient 
information to prove the value of the work being ramed out so 
devotedly by the medical staff of the London County Council during 
a most critical period in history. ^ „ 

During 1943 1 1 of the Council s hospitals were damaged as a 
result of enemy activity. From the begiirang of the war to. the 
end of 1943 there were 476 air-raid mcidents at these hospitals 
and 141 patients, 86 hospital staff and 12 ambulance 
their lives. At no time during this period lyas the reception of the 
sick and injured delayed and 700,000 patients were admitted to 

*^^ere"was aTubstantial return of population to ^®?^hn during 
the year ; there were more births (45,030) than in 1942 (40,654) 
and more deaths (39,322 as agamst 36,057). 

The infant mortality-rate was 51 per 1,000 live hirths (57 in 
1938 and 108 inl 9 l 8 ,thefourthyearofthe 1914-18 war). Maternal 
mortality (2- 13 per 1,000 live-births) showed a continued reduction 
St the figures for the tsyo Previous yrars (from 3-0 to 2 5), 

Tuberculosis notfficalions numbered 5,848 (5,530 in our 

1 . nf de.iths (2460) was about the same. Steps are 

tenftSS b/mSns of mass miniature radiography .to diagnose 
teing taxen oy mwio u unit was acquired by the 

the „ ‘(j during October-December 13,334 miniature 

Council m 1943 and autmg considered advisable m 

films were faken, ag larg mm pulmonary lesions. 

Inc rc^uu5> -o children were itnniunized and xt js esii 
SSS^haVS July^fW 68% of London elementary-school 


rtnR 


childrp had received protection. Diphtheria cases reported in 
the schools in J943 were 562 compared with 3,576 in 1938 

There were 50 deaths from measles which at one time approached 
epidemic proportions. An influenza epidemic reached its peak 
m December, when 128 deaths were recorded in I week Deaffi^ 

ss r,3um s 

Scarlet fever was more prevalent and virulent (II deaths) but 
there were no notifications of smallpox or typhus fever 

There was a further increase in notifications of dysentery (mostly 
of a mild type) but deaths did not increase. Enteric fever a 
disease spread mainly by the same channels as dysentery, reached 
a record low incidence of 47 cases, though the deaths numbered 10 
(5 in 1942). 

There were 205,577 admissions during 1943 to the Council’s 
public hralth hospitals. 13,872 births (13,380 live births) took 
place in the Council's general hospitals and in addition 6,847 con- 
finements at home were attended by the Council's own midwives. 

. The esfima^d number of elementary-school children in London 
in January 1943, was 231,634, and by the end of the year this 
number had increased to about 250,000, with a school attendance 
rate of nearly 77 %. . The results of routine medical inspections 
snow that the condition of the children has, in several respects 
improved compared with 1938. There is less verminous infesta- 
tion and scabies, and there are fewer children with enlarged tonsils 
and adenoids than at the beginning of the war. The condition 
of the children’s teeth is not quite so bad. The nutritional con- 
dition of the great majority of children in London still continues 
to be classed as satisfactory and the general opinion among the 
school doctors, nurses, teachers and care-committee workers was 
that there were no signs of any war-time physical or mental deterior- 
ation among London school children generally. About 77% of 
the children attending elementary schools received milk in the 
schools and about 31 % had dinners in the schools. 

The following comparisons are made in regard to the children 
examined in the four age ^oups in the two most recent war-time 
years, and those examined in the same age groups in 1938, the last 
complete pre-war year of medical inspection : 


Numbers examined 

1943 

96,902 

1942 

88,325 

1938 

169,995 

Nutrition unsatisfactory 

6-00 

Percentages 

6-2 

6-6 

Nits or pcdiculi — hair . 

2-15 

1-9 

2-3 

Teeth — obvious decay . 

. 31-01 

36-0 

29-8 

Vision — 6/9 or worse . 

. 22-61 

23-8 

32-2 

Adenoids and enlarged tonsils 

7-6 

7-3 

9-2 

Skin diseases 

1-8 

2-0 

1-0 

Enlarged glands . 

1-2 

1-2 

1-5 

External eye disease 

1-9 

1-9 

1-7 

Otorrhcca .... 

0-5 

0-4 

0-6 

Defective hearing. 

0-3 

0-3 

0-2 

Heart disease 

0-8 

0-8 

1-4 

Anaemia .... 

0-3 

0-2 

0-4 

Lung disease (not T.B.) 

1-3 

1-1 

1-5 

Tuberculosis (pulmonary) '. 

0-07 

0-03 

0-04 

„ (other lesions) . 

0-10 

0-05 

0-02 

Rickets (boysr-entrants only) 

1-4 

1-1 

1-0 

„ (girls — entrants only) 

0-9 

0-8 

0-4 


With regard to the Council’s mental health services, there was a 
continued fall in the number of mental patients, as was the case# 
in the last war. Particulars given of the results of the work of 
placing in employment and industrial after-care of mentally de- 
fective boys and girls leaving the Council’s special schools at 
sbeteen yearS of age show that 10 % of them will probably need 
care in an institution and that the other 90 % may be expected 
to take their place, more or less successfully, in the community. 

Over one-third of the members of the regular (peace-time) 
London Ambulance Service are nosv in the Armed Forces and 
their places have temporarily been taken by men and women 
mainly from the auxiliary service. 
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THE LISTER INSTITUTE OF PREVENTIVE 
MEDICINE 

Report of the Governing Body, 1944. Published fay the Lister 
Institute, Chelsea Bridge Road, London, S.W. 1. 1944. 15 pages. 


The report of the Lister Institute for the year 1944 was presented 
by the Chairman of the Governing Body, Sir Henry Dale, at the 
annual meeting on June 19. 

Some members of the staff are at present serving with the armed 
forces or dispersed to Oxford or Cambridge. During the year 
the Medical Research Council established a unit at the Institute for 
research into, and filtration of, blood plasma and serum for trans- 


ision. 

Bacteriological, immunological and serological studies Pre 
ninary trials have been undertaken in the treatment of louse- 
Dme typhus with antl-OX19 serum. Dr. A. Felix has been 
orking on this serum from the horse, and a concentrated serum 
IS been prepared at the Wellcome Physiological Research Labora- 
iries. It is hoped to arrange for a strictly controlled clinical 

ial of the serum. . , ^ ^ • i. -ii- 

The typing of typhoid, paratyphoid and food-poisomng baaili 
ith the Vi bacteriophage has been continued and one hitherto 
iknown Vi-phage type of the typhoid bacillus was identified 
Irina the year as being responsible for a small outbreak of typhoid. 
bis type does not seem to be indigenous to the British Isle^ On 
le otter hand, a Vi-phage type of Bact. paratyphosum B was 
md which must be considered indigenous to Britain. 



Work has been carried out on d>-scntcry _ prophylaxis, _ gas gan- 
ertne (including the methods of identification of clostndia). the 
nuclear stnicturcs of bacteria, hj-aluronidasc and liyaluronic acid. 

Biochemical studies. Dr. W. T. J. Morgan and_ Mrs.' R. van 
Hevningen have investigated pseudo-mucinous ovannn cyst Ilmds 
for the presence of the specific blood-group substances.- The 
A substance has been isolated from ovarian-O’St fluid, and ex- 
periments have recently been started with the object of finding a 
method of pres-enting iso-immunization of the mother by the 
fatus, with resulting foetal death. Work has also been continued 
on the biochemical action of various bacterial toxins, notably 

a. cedematiens, Cl. wckhii &ni Cl. scpticum. 

Studies on gramicidin have been commenced by Dr. R. L. M. 
S>Tige. These have for their object the relation of the chemical 
nature wth the biological activities of this antibiotic. 

Biophysical and physico-chemical studies have included work 
on the low-temperature drying of biological materials, on the 
large-scale processing of human serum and plasma for transfusion, 
on foetal and maternal hxmoglobin,,and on the osmotic pressure 
of foetal and " defatted ” serum. 

Vaccinia virus. Work on the cultivation of vaccinia virus on 
the chorio-allantoic membrane of the developing chick, suspended 
shortly after the outbreak of war, has nosy been resumed by Dr.D. 
McCIean with a view to preparing sufficient quantities of suitable 
virus for field trials and for clinical use in vaccination. 

Endocrinology. Dr. V. Korenchevsky has continued his studies 
on the effects of different combinations of hormones and vitamins 
on adult and senile rats. 


Nutritional studies. The Ministry of Food has been anxious 
to ascertain more accurately the human requirement lor vitamin A 
as derived from preformed vitamin A and from the provitamin 
carotene. This has been done by means of a human experiment 
carried out on volunteers at the Sorby Institute, Sheffield, by 
Miss E. M. Hume. Since July 1942 the volunteers have received 
a diet as deficient as possible in vitamin A and carotene. Observa- 
tion was specially directed to the measurement of capacity for 
dark-adaptation and of plasma values for vitamin A and carotene. 
After about 15 months 2 subjects showed deterioration of the 
visual threshold, with slight skin symptoms and a very low vitamin- 
A plasma value. The experiment, which is still in progr^, has 
indicated how large are the vitamin-A reserves in the liver-of the 
healthy human subject. 

The nutritive value of the nitrogenous substances of the potato 
has been investigated by Dr. H. Chick and the nitrogen of the 
potato has been found to have a biological value at least equal to 
that of the proteins of whole wheat, weight for weight. 

A nutritional survey of women employed in Oxford factoriK 
and of local housewives of similar age and social position, carried 
out from the autumn of 1942 to the end of 1943, showed that the 
nutritional state deteriorated very slightly during that period, but 
more so among the factory workere than the housewives. 

The capacity for synthesis of vitamin C by young on 

storage has bwn established by Dr. C. West and Dr. S. S. Zilva. 

National Collection of Type Cultures. During the year oyer 
4,0(X) cultures were ffistributea and some 200 strams were deposited 
for maintenance. , , . . • ... 

Many other investigations are recorded m this report. 
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GUIDE TO THE JOURNALS 


Annals of Eugenics 
12 : October 1944 

The fazniliee of the kings of Stun of the house of Chakri. ^ (M. Srmih) 151*157 
Genetic studies on ectopu Icntis, II. Anthropometric tnd Imhage data. 

(C W. Cotierman & H. F. Falls) 158-168 ^ . • u 

Atlovance for double reduction in the calculation of genotype frequenacs vain 
poIj*3oiaic inheritance. (I^ A. Fisher) 16^171^ — . ts. v 

The estiination of map distances from recombination values, (u. D. Kojamoi; 

Thea^ysis. of a tsetse-fly population. II. (C. H. N, Jackson) 17&-205 
The inheritance of allelomorpns of the Rh gene in fifty-sut fasulies. (K. R. 
Race, G. L. Taylor, E. W. adn & A. M. Prior) 306-210 

Ardiires of Disease In ChBdhood 
19 : September 1944 

The treatment of caliac disease vrith vitamin B complex and concentrated liver. 

(D. Paterson, hL Pierce & E. Peck) 99-no ^ xx 

Atrophic sclerosis of the cerebral cortex associated wth birth injury. iR. m. 

Normto) ni-121 , , , - T • N. 

Prognosis and treatment of pneumonia in children. (F. L. K. Lews) 122 125 
Observations on otitis media and mastoiditis in infancy. (E. C. R. Couper) lao- 
130 

Congenital atresia of the oesophagus j an attempt at surgical treatment. (J. N. 

O’ReUlf, R. H. Franklin 6c M. D. Daley) 131-134 . 

Giant congenital diverticula and neonatal rupture of colon : a mse Msoqaico 
wth true Congenital partial hy'p ertr ophy of the crossed type. (J« E. Monson; 

Impcrfoiate anus ; senne observations regarding diagnosis of the level of ob- 
struction. • (A. W. ^KHJdnson) 138-139 
Allergic vomiting in an infant. (H. S. Brodribb) 1407142 
Two cases of pulmonary actinomycosis. (A. G. Watkins) 143"*44 

19 : December 1944 

Alacro^tic anymjfl in children 5 with a report of three cases showing mcgalo- 
blastic eiythropoiesis. (L. J. Davis) 147-154 , , » r 

Refractory (Fanconi type) : its incidence m three tneroo ers oi one 

family, with in one case a relationship to chronic hamaolyiic anasmia with 
nocturnal haemoglobinuria (Marclua&va-Micheli disease or nocturnal 
hannoglobinuria *). G. V. Dade 6c A. Gilpin) 1557?62 
Erythroblastic anaania with bone changes in Egyptian children; possibly t-ooicjrs 
(M. Diwani) 163-168 . . 

Observations on the urine of the new-born infant. G* Thomson) 10^17/ 
Myocarditis in acute infective d^eases : a review of 200 cases. (C, Ncubauer; 
178-180 

Biocbenucal Journal 
38 : 1944 
Partiai. Index 

Chromatographic detennination of Evans Blue in plasma and serum. 

(C. J. O. R. Morris) 203-204 . ^ _ 

uolation of trehalose from desert manna. G» I-cibowiu) 205-2^ t r' 

The chemistry of wheat germ with particular reference to the scutcllum. G* J* 
liiaton) 214-217 x: i 

The metabolism w aro compounds. 1. Azobenzene. (1^ A. Elson «c r. 1.- 
Warren) 217-220 . . ^ m 

Changes in the skeleton during gestation and lactation in the rat. v'J* 
W^ock 6c J. Du(iworth) 230-224 , . 

Qualitative analysis of proteins : a partition chromatpgtaphic metnoa using 

^ paper. (R. Consden, A. H. Gordon 6c A. J, P. Martin) 224-232 

Studies on bacterial amino-add decarbciylases. i. / (+) -lysme decarbox>l- 

asdu (E, F. Gale 6c H. M. R. Epps) 232-242 , ^ ^ . . . . 

Studiesonbacterialamino-add decarboxylases. 2. /(— ) -tyrosme decarboxji- 

^wixoxnStTeptoeoccusfacalis, fH. M. R. Epps) 242-^4? . . 

Studies on babterial amino-add decarboxj’lases. 3.' Distribution and prepara- 

lion of codccarboxylase. (E. F. Gale 6c H. M- K. Epps) 250-256 

A hycT storage lest for the assessment of vitamin A. (K. Guggcnneim cc 


W. Koch) 256-260 - . • t; 

The biological silue of carotene fhim various sources and the effe« of fc 

on the utiiiialion of carotene and of vitamin A. Guggenheim) 

The unaary eliminarioa of tucotinzmide mcibochloridc by m a n . v* • c- iim gcr 

6c R. A. Coulson) 265-270 . ^ 

Investigations on the acti^ty cf the histiminise in normal and toxamuc preg- 
hAncy. Ktpeller-Adler) 270-374 


A study of the detemumtioo of glucuiomc add by rte 

rcanfon, n-ith the photoelcetric absotptiometer. (S. W. F. Hanson, O. i. 

Mills & R. T. WUliams) 274;:27!> ^ ^ p smokes) 

Carotene and lycopene in rose hips and other fruits. IF. t- J acooy or r. v. oacsr 

279-282 

38: 1944 

♦ with starch. .0^*. «. y p Whittaker) 295-299 

Ja*SS3Te'.kl&c/’^a£puarSSt^d^LSlt (R- 

Cl^Stoj^^te toJ^pnOTthe p-carotene content of serum of the new- 

fE. C. Barton- ^X^nght) ^4 » o v o a2r>— aar 

Mono-iodot>Tosine. (C.^ & iT-triol from urine of normal 

The isolation of a A*-andro5lcn^3 Wh Xo> 

hui^males and females. (G- Maman & G. a Bad«> 322-W^ 

On arginase and its partidpauon in urea synthesis -m the liver. ( . J. 

E.^ Crook 6c S. Wmiairnon) 325-332 

S "on Se'S’ogiroYmpuld fungi. 

& A. Back) 351-354 

Brain 

67 : June 1944 

The neurologcal compUcauons of dissecting aortic aneurysm. (A. D. Weis- 

^iS?LromK”r^^1^^^ of ncAe. (R. Granit, L. 
I.eksell &: C, R. Skoglund) 125-14° 

Brifch Dental Journal 
76 ; 7/1/44 

Ulcerative stomatitis in a ease of subacute monocytic leufcnunia. (B. Boj-d- 
ArSSS'rJsrorations in fissural cavities in posterior teerii. (G. E. M. Halle..) 
Tlhealprutea in dentistry. (E. Matthews) 8-9 

76 : 21/1/44 

Fluorosis and dental caries on Tyneside. (R. Weaver) 29-40 

76 * 4/2/44 

Growth at riie mandibular condyle’in relation .0 some deformities. f.M. A. 
AtotomSfsLe. (N. G. Bennett) 6S-€9 

Acute ulcerati« pngritis ^ 

rOsbcme)9.^4 

A dental centre. (G. H. > . rroggati; 93 

76 : 3/3/44 

Nutritional deSdendes and dental canes m northem 1°-^ 

The roleof the dental by^rcisu O- 123-1-5 

76 : 17/3/44 j, , 

Kutrinonal defidendes and dmtal canes m Ncathem n_^ ^ 

VmmrtVectien: 

rJ i.oiT anhaa cases, tn- r. 
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76 : 6/4/44 

Vincent’s infection : observations and conclusions regarding the attiology and 
treatment of 1,017 civilian cases. (A. F, Stammers) ijt-iyj 
Precautions in the dental treatment of tuberculosis patients. (D. B. Cruick- 
shank) 178-179 

Angioneurotic trdema. (L. Lakner) 179-181 

A review of two hundred and fifteen fractures of the maxilla:. (J. W. Hallam) 
181-182 

76 : 21/4/44 

Acute infections around erupting mandibular third molar teeth. CA. E. Perkins) 
199-204 

Vincent’s infection : observations and conclusions regarding the tetiology and 
treatment of 1,017 civilian cases. (A. F. Stammers) 205-209 

76 : 5/5/44 

The pathogenesis of dental caries. (P. Pincus) 231-239 

A simplified method of treatment for maxillary Uactures. (A. B. MacGregor) 

239-241 


76 : 19/5/44 

A new approach to full denture construction. (E. Matthews) 261-268 
Sulphonamides in dentistry. (O. F. Brown) 269-271 
A case of ulcerative ^givitis. (G. H. English) 271-272 
Some wartime experiences of a dental officer. (H. S. Golding) 273-276 

76 : 2/6/44 

School dentistry in rural areas. (H. D. Hall) 295-297 

Emergency silver amalgam and stainless steel crown. (R. G. M. Heavenor) 
297-300 

The anodic treatment of aluminium and its alloys for use in the mouth. 
(G. G. T. Tregarthen) 300-301 

76 : 16/6/44 

Modem phosphorus caries and necrosis. (R. Kennon & J. W. Hallam) 321-330 
Projihylaxis for phosphoms workers. (R. Baron) 331-332 
Rapidly adapted connecting bars and locks for metal or acrylic splints. (H. N. 
Toomey) 332-337 


77 : 7/7/44 

Progress in acrylic conservative technique — an evaluation of its present scope. 
(R. Cutler) 1-10 

Ampoule feed tube for di-vinyl ether. (A. R. Brown) 10-12 

77 : 21/7/44 

State dental service. (G. F. Charles) 29-36 

TTie use of acrylic resin for facial prostheses. (F. Coffin) 36-39 

The trend of plastics in dentistry and surgery. (S. A. Leader) 39-40 

77 : 4/8/44 

The acidity of dental cements. (W. Harvey, L. F. Le Brocq & L. Rakowski) 
61-69 

Electro-forming and its application in dentistry. (E. M. Natt) 69773 
Oral hygiene : its application in the treatment of acute ulcerative gingivitis, 
(G. H. Leatherman) 73-75 
The palatal injection. (J. Angelman) 75-76 

77 ; 18/4/44 

The acidity of dental cements. 007. Harvey, L. F. Le Brocq & L. Rakowski) 
89-99 

“ Dens in dente.” (B. Boyd-Cooper) 99-101 

77 : 1/9/44 

Dental education — the problem of staffing schools. (F. C. Wilkinson) 121-126 
Some clinical, histological and biological observations on the acidity of dental 
cements. (E. B. Manley) 126-129 
A composite odontome at a very early age. (S. A Riddett) 129-13 1 


rransmission of the mammary tumour inciting factor by splenic eraftinv 
(1. Dmochowski) Ii9-;r20 • 

Stability of fibtm^en in normal and pathological plasma. (E. Wenheimer. 

Jd. ohapiro & I. Fodor-Salomonowicz) 121—125 * 

The effects of prolonged administration of small doses of alloxan unon the islet 
tissue of the rat pancreas. (H. Hughes & G. E. Hughes) 126-130 
Influmza virus as a laboratory contaminant. (C. H. Andrewes, R. E. Glover 
F. Himmelweit & W. Smith) 130-134 ’ 

25 : October 1944 

Investigation into the production of bacteriostatic substances by fungi Pre- 
linunaty pcamination of a fourth 100 species, all penidllia. fW H. Wilkins 
& G. C. M. Hams) 135-137 

Mammary tumour inducing factor and genetic constitution. L. Dmochowski) 
1387140 

mice with M^coiact. tuberculosis (bovis) by the respiratory route 
(R. E. Glover) 141-149 

Magnesium potentiation of adenosine triphosphate shock and other shock- 
induang measures. (H. N. Green & H. B. Stoner) 150-159 
Museffiar fatigue in the albino rat, and its relationship to the thyroid, fl. L 
Malcolm & V. 1. E. Whitehead) 160-163 

nucleotide content of tumours. (J. N. Davidson & 
C. Waymouth) 164-;! 73 

Sensitization to “ Tetryl.” (P. G. H. Gell) 174-192 


British Journal of Ophthalmology 
28 : November 1944 

Unilateral and bilateral retinoblastoma. A possible histological difference. 
(J- N.'Cumings & A. Sonby) 533-537 

Observations on the transparency of the conjunctiva. (P. A. Gardiner) 538-554 
Photographs of retinal detachment in aphakia before and ^ter operation 
(E. Rosen) 554-556 

Studies in dark adaptation as a means of deteaing deficiency of vitamin “ A.” 

(G. W. Robertson & J. Yudkin) 556-568 
Snake venom ophthalmia. fH. Ridley) 568-572 

Plastic spheres for implantation into Tenon’s capsule in the Frost-I.ang type 
operation for enucleation of the eyeball. (R. E. Wright) 573-574 
The local application of penicillin solution to the eye. (R. E. Wn^t) 574-575 
The end results of operation for detachment of the retina. (With a follow up 
of fifty successful cases.) (M. !>. Hine) 575-585 

28 : December 1944 

Retinal micro-aneurysms and punctate hemorrhages. (A. J. Ballantyne & 
A. Loewenstein) 593-598 

A simple method of demonstrating nystagmus in certain miners. (A. C Reid) 
5?8-59? . 

An mtroduction to Bishop Berkeley’s theory of vision. (M. Murray) 600-611 
The effect of the duration of stimulus on threshold measurements in the dark 
adapted eye. (S. Yudkin) 611-617 

Bilateral partial ectasia of the nerve head with peripapillary ectasia. (I. S. 
Macgregor) 618-622 

The dionine effect in the conjunctiva. (A. Imewenstein) 622-625 
Buried silk, catgut and strabismus sutures. O. Foster) 625-629 
Photometer for measuring the scotopic candle-powers of self-luminous 
ophthalmic test objects. (W. S. Stiles) 629-637 


British Journal of Radiology 
17 : November 1944 

Stress fractures of the first rib. (B. R. AJderson) 323-326 
Dosage-rate in radiotherapy : symposium. (L. H. Gray, F. Ellis, G. C. 
Fairchild & E. Paterson) 327-342 

Observations on opaque myelography of lumbar disc henuations. (D. C. 
Eaglesham) 343-348 

The action of neutrons on bacteria. (F. G. Spear) 348-351 

Stellate translucendes as a sign of gall-stones. (A. S. Johnstone) 352-353 

17 ; December 1944 


77: 15/9/44 

The inferior alveolarjnjection for fillings. (C. N. Jeffries) 153-159 
Sarcoidosis or tuberculosis ? : clinical history and treatment. (J. Campbell) 
159-160 , . 

Sarcoidosis or tuberculosis ? : histology, diagnosis and discussion. (T. T. 
Read) 160-163 


77 : 6/10/44 

Fluorine and dental caries : further investigations on Tyneside and in Sunder- 
land. (R Weaver) 185-193 

Maxillo-fadal casualties from France. 194-195 

77 : 20/10/44 

Experimental investigations of parodontal disease : i. The significance of the 
blood supply in gingival health and disease of the ferret. G. D. King) 213-221 

77:3/11/44 

Experimental investigations of parodontal disrase : i. The sigi^cance of the 
blood supply in gingi^ health and disease of the ferret. G» D* King) 245—254 

77 : 17/1 1/44’ 

The probable age-change in indsor dentine. (M. A. Rushton) 277-279 

Silver amalgam-stainless steel bndges : indirect precision technique. (R. G. M. 
Heavenor) 279-283 

77 : 1/12/44 

The moulding of acrylic teeth in the laboratory. (A. G. Attenborough) 311-315 

77 : 15/12/44 

Benign bone-forming tumours of the jaws. (F. C. Wilkinson & E. Poliak) 

T^sV^nt profession. (G. E. M. Hallett) 347-349 


British Journal of Dermatology and Syphilis 
56 : September-October 1944 

re'<Si'^rions“n dlsrases"^ffi IhA - India. (A. Bigham) 

9P-202 iriMjt 

56 : November-December 1944 
e phenol-camphor treatment of dermatophytosis. (B. Phillips) 219-227 
giSo^ (E. L. Cohen) 228-230 

British Journal of Experimental Pathology 
25 : August 1944 

ythrocytes in cytoplasm and nudei of liver cells. (A. Rosin & L. DoljansW 
Kc^f milk factor on the inddence of breast cancer induced by rastron . 
(L Dmochowski & W. E. Gye) ns-nS 


Further observations on lung disease in boiler-scalers. (L. Dunner & R. 
Hermon) 355-358 

Energy absorption. HI. The mathematical theory of integral dose and its 
applications in practice. (W. V. Ma>Tieord) 359-367 
Serial remgenograms of the chest in periarteritis nodosa as an aid to diagnosis. 
(A. Elkeles) 368-373 

The action of neutrons on the developing rat retina. (F. G. Spear & K. Tansley) 
374-379 

A case of bronchial carcinoma presenting diagnostic difficulties. (R. B. Guyer) 
380-382 . . 

An unusual case of joint disease. A possible example of arthritis psonatica. 

(H. Jungmann & V. S. Stem) 383-385 . . t, „ 

Cystic disease in an azygos lobe, with phremc nerve paresis. (G. F. Ree.s- 
Jones) 386 


British Journal of Surgery 
32 : October 1944 

The early history of syphilis. (J. J. Abraham) 225-237 
Some experience of reparative surgery in the Middle East : with a short review 
of 1,200 cases treatM during the last two years. (M. C. Oldfidd) 237-246 
Second thoughts on the abdominal surgery of *' totai ” war — a review of over 
1,300 cases. (G. Gordon-Taylor) 247-258 
IschEcmic nerve lesions occurring in Volkmann’s contracture. (W. Holmes, 
W. B. Highet & H. J. Seddon) 259-275 
Surgery in an airborne division. (C, J. Longland & L. Kessel) 275-281 
The clinical value of a growth-promoting substance in the treatment of indolent 
wounds. (A. B. Kerr & H. Wemer) 281-287 
Fractures of the zygomatic tripod. (H. G. Ungley & S. C. Suggit) 2S7-299 
Rupture of the pancreas. (G. Keynes) 300-303 _ , - 

A gastroscopic control of the treatment of gastric ulcer by duodenal feeding. 

Cmotid ligation ^r^ intracranial aneurysm. Report of a case studied by electro- 
encephalography. (L. Rogers) 309-311 , . . j 

Fascial slinging of the scapula and clavicle for dropped shoulder and wingea 
scapula. (G. C. Dorling) 311-31S . , , , 

Malignant transformation in a previously benign tubular adenoma of the Jcidney. 

(W. Buckley) 315-319 , . . . j j • 

Congenital cyst of the common bue-dun contaimng stones and undergoing 
cancerous change. (S. T. Irwin & J. E. Morison) 319-321 


British Journal of Tuberculosis and Diseases of the Oiest 
38 : October 1944 

•• What is the right time, please ? ” A surgeon’s answer. Presidential address 
to the Tuberculosis Assodation, 1944. (J. B. H. Roberts) 105-111 

Carbon dioxide by inhalation in the management of cough. (A. L. Ban>’ai 
& A. V. Cadden) 111-116 . .. ^ 

Mass miniature radiography in the Royal Air Force. (R. R. Trail, H. J. 
Trenchard, C. E. H. Anson, L. G.'Seott, F. T. Clive, A. C. Evans, J. A. 
Kennedy, J. W. Pierce, C; F. Price & H. A. Warner) 116-140 


British Journal of Venereal Diseases 
20 : December 1944 


pSduS'in^mwSd ifsrari— I. (A. Fleming) 133-136 
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CW. A. Ycuns) 

^SfecrD':^M»c« '• 

British Medical Journal 
2]; 21/10/44 

Plasnu volume in traumatic shock. (A. C. Crooke, C. J. O. R. Morris & R. G. 

EmSdS^^brS'etion «id otitic bamtmum. in idr^crcws of heavy bombers. 

(R. AL S. Atatthewa) 523 -JsS ^ rr R. van Rooven & R. S.' lUing- 

A laboratory test for diagnosis of anmlpox. {S^ li. van t\oo> 

Ak^Sm Si complimtion of vaginal douching in pregnancy. (G. Forhes) 

AS^ronvalcsccnce of hernial repairs, (D. J. Aiartin) 53 t" 53 ^ 


2 : 30/12/44 

The etiology of erythema nodosum. (C. B. Perry) 843':|47 . 
Studies on hepatic dwfunction. III. 

meuboUsm. G. Beattie, P- H. Itobert, G Wc^tcl & G 
A critique of gastroscopy. (N. G Tanner) 8497851 

...L In-hutriHirf. rllinnff antlSVOhlllUC ttC 


: sulphur 
"w. SteeTe) 847-849 


2 : 28 / 10/44 

The need for asepsis in local penicillin therapy. (W. AlcKissock, V. Logue & 

I. Bartholomew) S 5 I- 55 J , , m F Tohnatone) 

Some mistaken diagnoses in the common infectious fevers, fu. . J 

G^ttwitestinal bleeding due to vitamin K deficiency compUcating Ubour. 

SiStane<S'rapmm*of an apparently normal spleen. (L. E, Jones) 561-561 
Pneumoperitoneum. (D. Leys) 562-563 

2 : 4 / 11/44 

Infective hepatitis in the garrison of Alalta. (K- Damodaran & S. J. Hartf ) 

TT nm’aTv . ^niE inloiication due to Bi avitaminwis. (L. Fchily) 59^^92 
Acute brachial radiculitis. Q. W. A. ^^Imer) 592-^4 measure. 

The transnasal intragastricRyle's tube m tropi^ ^ measure. 

(G.A.Ransome,L.M. Gupta &J.GS, Paterson) 594^96^ ^ 

Suprarenal hemorrhage: report of a case. (G J. Williams 

596-597 

2 : 11 / 11/44 

Acute perforated peptic ulcer : frequency ai^ inciden« in Scotland. 

(C. fTw. lUingvTOnh, L. D. W. Scott & R. A. Janueson) 6tT-620 

ISpfd'^SSccS-cS'of Md^i^hlS^orrhago and shock. 0- D- P- G"ham) 

xSlSSom y?ir“^SrfiL?r^?otTf'?^ »• 

At^iararm for ay^tcmic administration of pe n ici ll i n to young children- (G A. 
Post-win rehabilitation and resettlement. (G. G. Rcrslcy) 63a 

2 : 18 / 11/44 

Studies on hepatic dysfunction. U. The value of 
adds and casein igest in the pteventinn of post-arspbenamme launoice. 

a. Beattie & J. Alanhall) 651-655 !n the west of Scotland. 

Acute petfotated peptic ulcer : fr^uency ^d madmee u^he w 
(C. FTw. lUingwotth, L. D. W. Scott & R. A. Jamieson) 6s^S8 . 

Eipedences with the giant ““SnetMd met^c mOToajtoWMOT 

li^iiSSSi^Seyt ^?S^l415;A|rsSif6^r 

M^e to R^-Jih <£Si|ggnince on Malaria) 664 

The portraits of William Harvey. (G. Keynes) 669-670 

2 ! 25 / 11/44 , . . r- 

jcncial ensesthesia in shod:. (A- G Crooke, G J. O. R. oms 

rhe°meo/pSdUin pastilles in oral infections : a preliimnary report. (A. B. 

MacGregor & D. A. Long) 686-689 _ — « fio<>_5Q2 

ftn analysis of 259 of the recent fiying-^mb casualti^ C^GB^^ 9 ^^ ^ 
Massive surgical emphysema during the course of general anss 

Barrett & D, Thomas) 6927693 , 1 . rm tj MviiK^reeat & L M. 

An unusual case of generalized tuberculosis, H. Mylccnre 

Scott) 693-694 

2 : 2 / 12/44 

“Growth” and the diabetogenic a^on of SS'^ST.fiJS'^^^'S^YolS) 
II. G rowt h and experimental msulin-insensitivc diabetes, v • 

aSm of pemcillin on Icptospira and on leptospiral infections in gmnea 
pigs. a. M. Alston &J.G Broom) 718-719 Hart) 720 

A case of Weil’s disease treat^ ^th pemoUim G 

Amebiasis : some difficulties of diagnosis. (G K. Moi^m)^ 77 » rectum 
An investigation into the use of sulphasucdme in operauons on tne recrum 
and colon. (D. H. Madienzie) ^2-723 
A smallpox epidemic. (T» St. M. Norris) 724—725 

2 : 9 / 12/44 

Treatment of hyperthyroidism mth therapy. 

The hamoglobm level in ^M^M. Mackay & K. BinghamJ 

school dinners, and season. (R.H. Dobbs, H. M. M.MacKay oc oiuii 

•rfe diluW control of alloian diabetes in tats. G- H. Bum. T. H. G Lewis 
Antibac?e; 5 '*lSo?^n-aminophenol (O-aminophenol). (M. Barber & 
AlSi^'Si^^LS.^y removed by operation. (A. W. Fawcett) 
T^eincomplcte antibody in Rh immunization. (R- R- Race & G. G Taylor) 
Picamble to post-war food edneation. (F. I-e Gros Gaik) 763-765 

2 : 16 / 12/44 

Smallpox vaccination by the multiple-pressure 781-784 

A two-stage method of treatment m diabetes. H. ^^^eilbv) tSt- 

Some a^Sets of gonorrhoea in the Navy. (S. Matthews & F. G. Beilby) 7 i» 7 - 
788 

Treatment of wounds by delayed suture. Pa^^) 788^90 osrvects of 
The origin of broacho^c tubereulcms in th^d^t : ^ological aspects 01 
*' exogenous and endogenous reinfection. (W. Pagei^ 79 * 

2 ; 23 / 12/44 

The supply of bodies for dissection : a historical review. (N. M. Goodxniaj 

Estimation of heat radiation in clinical practice. (D. S, Evari &. K. Alendelssohn) 
811-S14 

Radical operation for varicose veins. (H. Dodd) 814-^10 . _ 

Sulphonamide allergy ; the persistence of desensitszation. 

816-S17 

Penicillin in civilian practice. (H. B. May) 817-SiS tt- k-*« 

Observations on tcabies at the St. Pancras bathing centre. (M.W. uenenj 5 


(D. H. Lees) 853-834 

Qinical Science 
5 : 1944 

A simple Btnndard procedure for ^tmiiug blo^ content 

iTnticnl with nrierial bipod. (E. B. 

Observations upon a vascular Kon reflex a cotrecuon. . i . Lewis; 5-7 
Effects of supercooling skin. 2-cww ^I 5 rr W Wilson) 17-29 

ga^g'i^plf =Sh^- F- ■«= C. W. ~) 

T^e mSital tissues in thyrotoxicons : a quantimfive analysis relating to aeph- 

lEmswotth & G E. Glynn) 133 — 137 

Dental Record 
64 : January 1944 

^'^Sra“mpr“move"TdTp;essed” deciduous molars. (H. G 
Visick) 9-1 1 

64 : February 1944 

The early extraction of the 

A‘SS^^on‘^S“p?em“thr^'c^ ‘^d^mS^hic' dlp?h of dental caries. 

(W.T. Johnson) 37-39 
Osteoarthritis- B. Ray) 39-40 

64 : March 1944 

The early extraction of the H 

T^e'^L^.^‘*oro?Sc“cSaSi''el“'^i'^ ^Tts signifilnce. (A. L Darling) 


aervmg tne aenuuw « » 

The distribution of the enamel cuticle 
e8-62 

64 ; April 1944 

r<SrofSSiit"s?^r^*“iX?^ CK. G Smyth) 

PiJffis of medical rcUef in the immediate post-war phases. (M. D. Mae- 
kenzie) 88-89 

64 : May 1944 . 

Amalgam protected cement fillings to approximal cavitiea in posterior tee . 

M-hypoplasia and dental caries. 0 . D. King) loa-no 

64 : June 1944 

The colloidal concept of disease : with special reference to dentistry. (F. W. 

Broderick) 1x3- 126 fP. G. Capon) 127 - 13 * 

|?^'d'^d“iftoSe‘S^ontiS CR. Cutler) 13 *-i 40 

64 : July 1944 

n.. coBoidal concept of disease : with speda ivetoence to dennstry. (F. W. 
Broderick) 147-150 r„r £nll dentures. fH. Hiisekoni) 151-157 

ES'as^t°SncS^ S^reeOT^Ss. V Sprawsen) x 6 x 

64 : August 1944 ^ ^ 

The colloidal concept of disease : withal reference to dentistry. (F. W. 
BiodericB I 7 i-i 74 . „ddnit. (T. J. Wood) 174-178 

to'?JS’in 1 n*d"^G Roberts) 179-185 

64 ; September 1944 

The colloidal concept of disease : with spedsl reference to dentistry. (F. W. 

in relarion to aviation. (W. Harvey) 199-09 

64 : October 1944 

The colloidal concept of disease : with special reference to dentistry. (F. W. 
The^-^i'^ dental or radicular, and dentigerona or follicular cysts. 
(R. Fairhurst) 223-233 

64 ; November 1944 

The colloidal concept of disease : with special reference ro dennstry (F. W. 
Tbe^-^^* dental or radicnlar, and dentigerous or follicular cysts. 
^ Fairhurst) 249-256 

64 : December 1944 cf w 

The coUoidsl concept cf disease : with special reference to dennstry. (F. 

Edinburg Medical Journal 
51 : July-August 1^44 

Xhc admimstration of di ug»- . 0 * ^ 

Th^^P^hylsxiscrcursneouscancer. (R. Airken) 339-345 


51 : September 1944 
The cicmistry.of^ Mdo. (G . 

tbi eapillL-y resistance e 

CH. Scaibcrough) 3 St- 3 S/ 


Propylene glynJ vapour as an sir 

Q^^liscr) 3SS-395 


two czxc* cf isirry. 

disk-'cetam. 11 . 0 . P- I>=raid & S. w. 
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51 ; October 1944 

Collapse therapy : the planning of policy in certain cases. (R. Y. Keera & 
B. G. Rrgden) 401-7416 _ 

Obstetrical responsibility in the prevention of foetal and neonatal deaths. (J. 
Sturrock) 417-429 

Nutrition and diet in war-time. (L. S. P. Davidson) 430-438 
A rase of _dyshmnopoietic atuemia with megaloblastic marrow and nonnocytic 
blood picture responding to liver therapy. (A. J. Rhodes) 439-443 


Glasgow Medical Journal 
142 : My 1944 

Antenatal diet and its influence on still-births and prematurity, f C. S. Cameron & 
S. Graham) 1-7 


142 : August 1944 

Plasma phosphatase and bone disease. (N. Morris) 31-39 
A case of intersescuality (pseudohermaphroditism). (A. Sharman) 40-44 

342: September 1944 

A study of vitamin C saturation in hospital children. (D. H. Wallace & P. 
Adler-Tanz) 55-64 


142 : October 1944 

Transplantation of the ureters into the bowel. (A. Jacobs) 97-106 
Reravery in a rase of staphylococcal meningitis treated by chemothetanv. 
(D. Brash) 107-110 " 


Cytologiral obse^tioris on Bact. cpli, Proteus vulgaris and various »rob!c 
The bacteriology of activated sludge. (L. A. Alien) 424-431 


journal 01 juariTigoiogy and Otology 
59 : February 1944 

New otological views. (A. Schwarzbart) 47-61 
A case of sarcoma of the ethmoid. (W. M. Mollison) 62 
The Budiometnc dip. (W. S. Adams) 63-64 

59 : March 1944 

The ttMtpaent of chrome suppurative otitis media by the local aoplication of 
pemciltin and other drugs. (E. G. Collins & K. E. A. Hughes) 81-I? ^ 

The use of ammoplasim m the surgery of the ear. (M. Sugar) 96-100 
An auto-anmsthetic apparatus smtable for ear, nose and throat work. fT n 
Jooson) lOi 

59 : April 1944 

’^*1' of chronic suppurative otitis media in adults. (T. M 

Banhara & E. D. D. Dickson) 117-135 
^stro-enteritis and mastoiditis in infants. (B. Cohen) 136-145 
Mcnmgitis follo^g mastoid infection by Bacillus Proteus. (M. Sugar) 146-150 
Postural insullation : an added note. (A. J. MoiJett) 151-153 “ ' 40-150 


Journal of Mental Science 


142 : November 1944 

The significance of the Rh factor in medidne and obstetrics. (D. F. Caooell) 
ZSS-ZSS 

A rase of accessory pancreas in an unusual position complicated by acute 
nccrosjs. (H. B. Young) 156-164 

142 : December 1944 

Peptic ulcer : a study of the number of rases treated in the Western rnfirmary 
of Glasgow during 46- years (1897 to 1942). 0. Carslaw) 183-188 

The tuberculin patch test. (M. D. Giles) 189-194 

Systemic changes in blood vessels and connective tissues and acute necrosis of 
the pancreas. (W. N. Rogers) 195-203 


Guy’s Hospital Reports 
93 : 1944 

Measles. (R. E. Smith) 8-58 

A fatal rase of skin diphtheria. _(H. R, S. Harley & M. Zia-UIIah) 59-61 
A note on secondary diphtheritic infection of empyema and thoracotomy wounds. 
(R. C. Brock) 62-66 


Journal of Anatomy 
78 ; January 1944 

Phases of maturation and feru'lization in human ova. (W. J. Hamilton) 1-4 
Transuterine internal *) migration of the ovum in sheep and other mammals. 

(J. D. Boyd, W. J. Hainilton & J. Hammond) 5-14 
The re-innervation of muscle after various periods of atrophy. (E. Gutmann 
& J. Z. Young) 15-43 

The mechanism of rotation at the first carpo-metacarpal joint. (R. W. Haines) 
44-46 

The anatomical basis of cottico-striate connexions. (P. Glees) 47-51 
)Experiroental studies on the development of the pronephric duct in anuran 
embryos. (Ti-Chow Tung & Su-Hwei KO) 52-57 

78 ; April 1944 

An experimental study of opric connexions in the sheep. (O. E. Nichtetlrin & 
F. Goldby) 59-67 

Observations on the volume, viscosity and nitrogen content of synovial fluid, 
with a note on the histological appearance of the synovial membrane. (D. V. 
Davies) 68-78 

Histogenesis of pituicytes in the chick. (W. M. Shanklin) 79-93 
Observations on the development of the human vertebral column. (G. M. 
Wybum) 94-102 

The surface area of the intestinal mucosa in the rat and in the rat. (H. O. Wood) 

103-105 

The patellar index in mammals. (H. Haxton) 106-107 


78 : July 1944 

The lymphocyte content of rabbit bone marrow. G. M. Yoffey & J. Parnell) 

I09“XI2 

The contribution of the medial fillet and strio-hypothalamic fibres to the dorsal 
supra-optic decussation, with a note on the determination of the lateral fillet. 

O^servarioM on the^stology of the choledocho-duodenal junction and papilla 
duodeni, with particular reference to the ampulla of Vater and sphincter of 
Oddi. G. Kirk) 118-120 

The effect of 1:2:5: 6-diben2anthraccne on the lymph-nodes of the rat. 

(A. Ijisnitski & D. L. Woodhouse) 121-129 . 

Post-natal growth changes in the hunmn prostate. (G. I. M. Swyer) 130-145 
The effect of oestrogenic stimulation on the mangabey prostate. (F. M. P. 

Eckstein & S. Zuckerman) 146 , 

UnusuaUy long pregnancy in a macaque. (F. M. P^c^tem) I47 
The ingumal canal in the fmtus and new-born. (H. Curl & R. G. Tromly) 
r4B-l49 

78 : October 1944 

A study of the Bantu female pelvis. (O. S.Heyns) 151-166 , „ 

The evolution and functional significance of the transverse carpal arch of man. 

gS in the sectioning of mammalian eggs. (D, M. Samuel) 

The^betaviour and fate of skin autografts and skm homografts m rabbits. 
A report to the War Wounds Committee of the Medical Research Coundl. 

T^'c^i^^rapadV onh^e® living, calculated automatically by a nomographiral 
instrument. (G* F* Hamilton) 200—203 


Journal of Hygiene 
43 : September 1944 

food.. (E. B. B. M, I. 

rSiSi,.!. . » »d .. ..wd.-! -»««■•■ w «■ ««”“*> 

l^^ensen and Bbjlen. 0 . Macnaughtan) 411-412 


: juiy lyqq. 

A ^dy of the Wstolopr of the testis in schizophrenia and other mental disorders. 

(R. E. Hemphill, M« Reiss & A. L, Taylor) 681-695 
The significance of atrophy of the testis in schizophrenia. (R. E. HcmohiJl) 
096—709 ^ ^ ' 

^ determining intellectual loss following head iniurv. 

(W. R. Reynell) 710-719 ' ^ 

Mental tests in semle dementia. (H. Halstead) 720--726 
Psychiatric states in 130 ex-service patiems. (H. Stalker) 727^38 
Resort to phantasy m mdividuals and sodeties. (G. R. Peberdy) 739-745 
Foreign service neurosis. G- F. Burdon) 746^52 

“if spatial orientation, constructional apraxia and Gerstmaun’s syndrome. 
(E. Stengel) 753-760 

Acute confusional insamty and delirium. (E. S. Stem) 761-766 
Insulin treatment in neurosis. (D._E, Sands) 767-771 

A awdy of acute nei^tic depression as seen in military psychiatry and its 
differential diagnosis from the depressive psychoses. (G. T. T. StockinEs) 
_ 772-776 

Prolonged memory defects following electro-therapy. (M. B. Brody) 777-779 
Shock therapy in the presence of physical contra-inciications. (M. Straker) 
780-783 . 

Non-obstroctivc unilateral hydrocephalus. (A. Rohens) 784 


90 : October 1944 

Crime, senescence and semlity. _ (W. N. East) 835-850 
Types of personality : a factorial study of seven hundred neurotics. (H. J. 
Eysenck) 851-861 

Neuroses in native African troops. (L. A. Nichols) 862-868 

The neurotic dyspeptic soldier. (S. D. Mitchell & C. S. Mullin) 869-874 

Death from electrical convulsion therapy. (F. J. Napier) 875-878 


Journal of Obstetrics and Gynacology of the British Empire 
51 ; October 1944 

Intra-epidermal carcinoma (Bowen’s Disease) of the vulva : a report on two 
rases. (T. N. A. Jeffcoate, T. B. Davie & C. V. Harrison) 377-3S5 
The control of Staphylococcus aureus infections in a maternity department 
(F. A. Knott & J. B. Blaikley) 386-400 

Treatment of amcnorrhoca witn combined anterior pituitary foUide-stimulating 
hormone and chorionic gonadotrophin. (A. Davis) 401-407 
Premature birth (analysis of 1,000 cases) : incidence, mtioIoCT und immediate 
result to the baby. (S. C. Sandifer) 408-^iS 
Some curiosities of mammalian reproduction. Part I. Mammals that have 
triumpbed over anatomical handicaps. (F. W. Jones) 416-437 
The etiology' of the toxa:mia3 of late pregnancy. (F. J. Browne) 438-471 


51 : December 1944 

Carcinoma of the ovasy. (I. G. Williams) 489-494 

A rase report of the effect of hysterectomy on ovarian activity in the female 
baboon. G- Gillman & C. Gilbert) 495-498 
Prophylactic use of pneumoperitoneum in the puerperium of tuberculous 
patients. (P. Dingle) 499-508 . ... 

Report on 130 consecutive cases of placenta pnevia without maternal death. 

0; Morgan) 509-Stl ... . . . „ „ 

Choledochus cyst comphraung pregnancy and the puerpenum. U- D 
Chesterman) 512-518 ... 

An analysis of 90 cases of transplantation of the ureters for obstetrical vesico- 
vaginal fistula. (M. Roberts) 519-525 „ „ 

Artificial insemination : report on 80 cases. (I. Halbrecht) 526-528 
Recurrent anencephaly : a rase report with a note on the aitiology of anencephaly 
and aUied malfonnations. (H. G. Dunn & J. G. Salter) 529-536 
Separation of the symphysis pubis during delivery by the forceps. (D. W. 

A ra?e*o^ropturc of the marginal sinus of the placenta. (W. H. Carlisle) 

An uniuSl case of obstructed labour due to the umbilical cord. G- P- Maxwell) 
543 

Double monster. (G. J. Himonides) 544-545 . . . t t jj 

Atresia of oesophagus and imperforate anus commvmicatmg wth the bladder. 

(E. Friedmann) 546-548 

A case of acute hydramnios successfully treated by abdoramal paracentesis. 
G. P. Erskine) 549-551 . 

Transposition of the ovarian veins. (A. Roberts) 552 . 

Some curiosities of mammalian reproduction. Part 2. Concermng the lile 
of the sperm. (F. W. Jones) 553-564 , t v ,t n 

Edward Rigby. A chapter in the history of antepartum hamorthage. U- rl. 
Young) 565-568 


Journal of Physiology 
303 : September 1944 

The effect of morphine and hyoscine on dye concentration curves in plasma 
yoliunc dctcrminiition* (R* G» Bowler, A. C» Crookc & C» j» O. R# Alofnsj 

"rhe li^viour of the cervix uteri in vivo. (J. Adler, G. H. Bell & J. A. C. 

The^raetion o^tiistamine in urine. (G. V. Anrep, M. S. Ayadi, G. S. Barsoum, 
J, R. Smith & M. M. Talaat) I5S-I74 „ .,, , rr r i. 

Cation antagonism in blood coagulation. (G. D. GreviUe & H. Lehmann) 

The isobtion and identification of a pressor base from normal urine. (M. F. 

Fiuriiw'obseMtions on the effects of alloxan on the pancreatic islets. G. S. 
Dunn, E. Duffy, M. K. Giimour, J. Kirkpatrick & N. G. B. McLetchie) 233- 

H^erpnoea in man produced by sudden release of occluded blood. G. N. Mills) 
244-252 

103 : December 1944 

Investigations on muscle atrophies arising from disuse and tenotomy. G. C. 
Eccles) 253-266 
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Absolute xnuscle force in the ankle fiexors of man. (H. A. Haxton) 367*273 
The add-hbile COt in mammalian xnuscle and the of the muscle fibre. 
(E. J. Conway & P. J. Fearon) 27^-289 

The action of adrenaline and of cholme^ters on the uterus of the sheep. (J. A. 
Gunn) 290-296 

Liberation of histamine during reactive hypersmia and muscle contraction in 
man. (G. V. Anrep, G. S. Banoumi S. Salama Sc. Z. Souidan) 297-305 
Emulsification of fat in the intestine of the rat and its relationship to absorption. 

(A. C. Frazer, J, H. Schulman & H. C. Stewart.) 306-3x6 
Observations on some conditions afi'ecting the rate of hormone output by the 
suprarenal cortex. (M. Vogt) 317-332 

The inhibition of lustamine rdease by a pituitary-adrenal mechanism. (G. 
Ungar) 333*-343 

An optical method for recording peripheral blood pressures and pulse rates 
in unanxsthetized and in ansesthetized rabbits. (C. B. B. Downman, C. C. 
Mackenzie Sc B. A. McSwiney) 344-349 

. The effects of acute haemorrhage on the peripheral blood pressure in unanxsthe- 
tized and in ananthetized rabbits. (C. B. B. Downman, C. C. Mackenzie Sc 
B. A. McSwiney) 3SC>-357 


Journal of Tropical Medicine and Hygiene 
47 ; October-November 1944 

The sx^gical treatment of elephantiasis. (G. Bankoff) 49-53 
Amcebic infection of the Mil va compHcatiag granuloma pudendl. (J. B. Cleland) 
54-55 

Problems connected with the cmploymait of natives in industry. (F. G. 
Cawston) 55-56 


Lancet 
2 : 21/10/44 

The conservative tr e atm ent of abdominal wounds. (C. G, Rob) 52 1-522 
Kew drugs active in the chemotherapy of experimental gas gangrene. (D. G. 

Evans, A. T, Fuller Sc J. Walker) 523-527 
Desert climate: physiological and clinical observations. (W. S. S. Ladell, 
J. C. Watcrlow Sc M. F, Hudson) 527-531 
Congenital absence of sweat glands. (D. H. G. MacQuaide) 531-532 
Tragedy of malignant melanoma. (M. C. Tod) 532-524 
Venous spasm preventing blood transfusion, (j. G. Humble Sc G. Belyavin) 

SiUpban^emide poisomng with cerebral manifestations. (H. Reed) 53S“536 
Ev^uation of nutritional state in ditldren. (W. Komfeld & H. Kob^) 543 


2 : 28/10/44 

Sulphonamide dermatitis : further observations with special reference to treat- 
ment and prevention. (B. C. Tate & I. Kloifa/n) 553-557 
Dysent^ in British prisoners of war. (H. Bloom) 558-5^ 

Fatty diarihcea in chronic and relapsing dysentery. (H. T. Howat) 560-561 

Surgery of varicose veins. (IL R- Arthur) 561-562 

Pulsator treatment of crush hjjury. (D. V. Marshall) 562-563 

The Sims test. (M. Barton & B. P, Wiesner) 563-565 

Quinine blindness. (I. S. McGrewr & A. Loewenstcin) 566-567 

Normal death-rate of the Navy. (M. Greenwood & E. Lewis-Faning) 574-575 

2 : 4/11/44 

The film in medical education. 1. Planning. (C. J. Longland & R. MacKeith) 

T^e^fi^ in medical education. If. Production and scope. (B. Stanford) 
588-590 

Carbon tetrachloride nephrosis. 0. R. Forbes) 590-592 

Segments and blood-vessels of the lungs. (A. B. Appleton) 592-594 

Rh antenatal testing : a suggested nomenclature, u. Murray) 594-59^ 

Tetany after extensive gut resection. C. A. Cosh) 596^97 
Survi^ after removal of twenty feet of intestine. <C C Holman) 597 
Cellulitis due to a hasnolyde streptococcus type C. (B. Poitnoy Sc R. Reitler) 
597-598 

Rapid test for the serodiagnosis of syphilis. (F. Rappaport Sc F. Eichhom) 599 


2 : 11/11/44 

Social medieme : an academic disdpUne and an instrument of social policy. 
(F. A. E. Crew) 617-619 ... 

hlia^^methods of estimating penicillin in blood serum and other body fluids* 
(A. Fleming) 620-621 . , . . 

Penicillin content of blood serum after various doses of penicillin by various 
routes. (A. Flenung, M- Y. Young, J, Suchei & A. J. E. Rowe) 621-624 
Case of African sleeping sickness. 0. Grant, M. Andenon & R. B. Thompson) 
624-625 

Operation for hydrocele. (H. J. Croot) 625-626 


2:18/11/44 

Lung abscess : pathology and diagnosis of certain types. (N. R. Barrett). 
647-651 

Direct laryngoscopy and tracheal intubation, (F. B. Banmster & R. G. Mac- 
beth) 651-654 

Paroxysmal and postural headaches from intraventricular cysts and tumours. 
(W. Harris) 654-655 

Dmdcncy diseases in Hong-Kong. (P. B. Wilkinson) 655-658 
Alloxan diabetes in monkeys. (S. Ban^riee) 658-659 . ^ ^ 

Fatal coronary sderosis in a boy of ten ytirs. (E. Jokl Sc J, Greenstem) 659 
Resettlement: the end of workmen’s compensation. (R. Watsoa-Jones) 
666-667 

2 : 25/11/44 

Psychosomatic factors in cutaneous disease. (R. M. B, MacKenna) 679^81 
Sxnallpax in the Middle Hast : lessons &om 100 cases. (R. S. lUingworth & 
W. A. Oliver) 681-685 . 

Use of the Both respirator to reduce postoperative morbidity. C^. W. Musiua 
Sc N. Faux) 685-686 

Traumatic siibdiual effusion in cluldren. G. P* Lanigan) 686-687 
Comparison of sulphonamidcs in badllary dysentery. (D. G. Fe mm a n Sc 
G. K. Alackenzie) 687-688 

Changes in the marrow smear in early m^aloblastic hyperplasia. (M, L. 
Thomson) 688-689 

Vaccination against smallpox : apparent anomalies in protection afforded. 
(W. D. H. Stevenson) 697-700 


2 : 2/12/44 


Control of venereal diseases : an epidemiological approach. G* E, Gordon) 
71x^15 

Gramiddm S : origin and mode of action. (G. F. Gause Sc M. G. Brazhnikova) 


Che^stry of mmiddin S. (A. N. Belozersky & T. S. Passhina) 716-7x7 
Q i n i c al use of gramiddin S. (P. G. Sergiev) 717-718 

Amcebic djacatery: facts and fallades in radical treatment. (P. Alansoa- 
Bahr) 718-720 

Rodent ulcer treated by application of sodium bicarbonate- (D. Cameron) 
720-722 


2 : 9/12/44 

The voluntary hospital with an undergraduate schooL (T. B. Layton) 743'^45 
Arteriography of p>eripheral ves s els ; techiucal G* B* X-earmonth) 

745-746 

on er ous chip boae-grrfts : report on 75 cases. (R. Mowlem) 746-748 
xyionc stenosis : selective medical and surgical treatment. (N, Ai. Jacoby) 

- 748-749 

bodies. G. F. Btailsford) 749-751 ^ 

.APT : Immunity response and interval between injecuoas. (G. 
Baafield) 751-752 

An«fthesia of anterior ethmoidal nerve after head Injury. '(A. Wardale) 752 


2 : 16/12:44 

Inhalation of chemotherapeutic substances. (N. Mutch) 775-780 
Infective dermatoses treated with penicillin. (P. H. Taylor & K. E. A. Hughts) 
780-784 

Nomogram for correcting Sahli hscmoglobinomeier readings, (G. H. Bell 6c 
M. L. McNaugbt) 784 

Prognosis after successful pneumonectomy. G» M. Cheale Sc F. H. Young) 

784-785 

Pregnancy after pulmonary lobectomy. (A. G. Bryce 6c E. AL Mills) 786 

2 : 23/12:44 

Traumatic uremia: reports on eight cases. (E, M. Dannady, A. H. M. 
SiddoDs, T. C. Corson, C. D. Laagton, Z. Vitek, A. W. Badenoch 6c J. C. 
Scott) 809-812 

Deficiency bowel pattern In Polish refugees, Afiicaa and Indian adults anf? 

children (Kwashiorkor). Q. S. Brown Sc H. C. Trowell) 812-816 
Better c^'nage for non-tuberculous empyema. (A. IC Henry) 8x6-817 
Congenital subluxation of acromioclavicular joint, G. Grieve) 817-8x8 
Fluorescence microscopy in the detection of tubercle bacilli. 0^ Lempert) 
818-822 

Delayed rupture of the spleen. (L. Gillis) 822-823 
Autograft of amputated thumb. (S. Gordon) 823 

Septiezmia due to Baet. mcrophorum and an anrcrobic streptococcus. (H. P. 
Jones) S24 

2 : *30/12:44 

Epidemiology of peptic ulcer ; vital statistics. G, N. Morris & R, M. Titmuss) 
841-845 

Troatmcnt of early syphilis with penidUin. (A. O. F. Ross, R. B. Nelson, 
E. M. Xxurie & H. O. J. Collier) 845-848 
Octyl nitrite in achalasia of the canlia. (C. E. Field) 848-851 
Fracture of the odontoid process : a nlethod of fiction. (E. H. T. Hambly) 

851 . 

Typhoid septiezmia : report of a case. G» F. Goodall) 851-852 


Nutrition Abstracts and Reriews 
14 ; July 1944 

Nucleic adds and tissue gr ow th . 0. N. Davidson 6c C. Waymoutb) 1-18 

14 ; October 1944 

The water economy of farm animals. 0. Leitch 6c J. S. Thomson)' 197-223 


Proceedings of the Royal Society, B 
132 : December 1944 

Thyroxine: its biosynthesis and its immunochemistiy, Croonian Lecture. 
(C. R. Harington) 223-238 

Stadia OQ temperature regulation. 1. The Pnlmonata and Oligochzta. 
(L. Hogben 6c R. L. Kirk) 239-252 

The effect of hypotanthine on the growth of an avian tissue m r£fro, (F. G. 
Hopkins & I. Simon*Reuss) 253-257 

The ecological determinants of population gro wt h in a Drosophih culture. 

I. Fecundity of adult flies. (F. W. Robertson & J. H. Sang) 25S-277 
The ecological determinants of population gr ow t h in a DrosophiUt culmrc. 
n. Circumstances affecting egg viability. (F. W. Robertson & J. H. Sang) 
277-291 

The visual perception of movement by toads. (H. Honigman) 291-307 
The genetical activity of hetcrochromatin, (K. Alather) 308-332 


Proceedings of the Royal Society of Medicine 
38 : November 1944 

A half-century of serology. President’s Address, Section of Comparative 
Medicine. (H. J. Parish) 1-6 

Edward Bancroft. M.D., FJI.S., and the War of American Independence. 
(A. S. MacNalcy) 7-15 

John Zeuhaniah Holwell (1711-1788) and the Black Hole of Calcutta. (H. P. 
Bayoui) 15-18 

Pathology. President’s Address, Section of lithology. (W. G. Barnard) 
19-24 

Genital tuberculosis. President’s Address, Section of Urologj’. (F. McG. 
Loughnane) 25—30 

Notes on glaucoma. President’s Address, Section of Ophtlialmology. (P. E. H. 
Adams) 31-36 

Jacobson’s organ. Resident’s Address, Section of Odontology. (H. T. 
Roper-Hall) 41-50 


PubHc Health 
57 : September 1944 

Diphtheria immunisation : observations on prophylactics and duration of 
immunity. (A- Anderson) I3X-I3S 
Venereal diseases in a large port. (A. O. F. Rcss) 135—136 
Problem (R. C. Wofinden) I3^I39 


58 : October 1944 

The countiy doctor and public health. (W, N. Px^es) 2-5 _ . 

Diphtheria immunization in a rural area of New Zeala n d. (C. W. Dixon; 5-6 
Mass radiography at the cross roads. (E. G. W. HoStaedi) 7-8 

58 : November 1944 
The sdiool medical service. 0. C. Ede) 12-15 
What is a health cenme ? (L H. Pcarse) i W8 . 

Trace elements in relation to health. (C. F. Broddngton) 19-21 


58 : December 1944 

te officer of health. (K. Al-F. Picten) 2S-29 

ti the incidence of scabies. (T. ^ Qay^) a^5 

s.. nf th. school medicsl officer. (F. J. G. 1 . r s nnr a n ; ; 


Quarterly Journal of Eiperimenfal Physiology 
33 : 1944 

olosical assay and standardisation of mcisnophcre eipandins pitoiasy hor- 
mone. (F. W. LandgTcbe & H. Waring) i— r8 , 

Sw inWerettin which influence the of ebr©b..*its 

growing tn rtTro. (J, N. Davidson Schua) 35-5-* 

Jam choline esterase in barbituiatc addiciicn and ^e^. 
bTproduction.of renal f^uro cemx..--* 

myohzmoglobtn. (E. G. ^ 53-7^ 

tfia, TTiwahoiiim of histamine. (F. Al exan der) ^ i-7« 


Quarterly Journal of Medieme 
13 : April-July 1944 

aresitis ’ of the hick. OT. S. ^ ^ j 0rril^2.'s. P. 

■teolysed liver in the treatment of re£.-a..crya_i=nss. 

SdSf^^^cf penddons a=s=U of ptepnsney. (S. T. E. Cin=dsr) 
'5-105 
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Quarterly Journal of Pharmacy & PharmacoIogy 
17 : July-September 1944 

The education of the phannadst. (H. Brindle) rss-164 

•The aterilisiag action of steam admixed vrith air and other gases. (R. M. 
Savage) 165-171 

The protection of ether against peroxide formation. (E. Boehm & R. Williams) 
I 71-177 

The stability of preparations containing ethyl nitrite. (A. H. A. Abbott & 
B. H. Hooper) 177-182 

Vitamin B in malt extract. (J. G. Organ, E. M. James & F. Wokes) 183-187 

The stability of vitamin C in blackcurrant syrup. (F. Wokes & J. G. Organ) 
188-196 

Rose hip tablets. (F. Wokes, E. H. Johnson & F. C. Jacoby) 196-201 

The histology of belladonna root. I. Atropa belladonna Lirm. (C. Melville) 
201-213 

The histology of belladonna root. II. Indian belladonna. (C, Melville) 
213-220 

The analysis of the pastilles of the British Pharmaceutical Codex. (N. Evers 
& W. Smith) 220-225 

A note on the hydrolysis of diamorphine hydrochloride in aqueous solution. 
(G. A. StoreyJ 225-226 

The determination of hyoscine, hyoscyamine and atropine. (J. M. Rowson) 
226-233 

The assay of belladonna and of some other solanaceous drugs — determination 
of hyoscyamine, atropine and hyoscine. (J. M. Rowson) 234-237 

Biological assays of simple adrenalme solution by the cat and frog heart methods. 


(H. Berpr, B. Shotton & G. B. West) 238-241 
The stability of adrenaline solutions. I. S' ' 

(H. Berry & G. B. West) 242-248 


dlutions of adrenaline hydrochloride. 
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38 : November 1944 

Cholera incidence in India in relation to rainfaU, absolute humidity and n:i 
gnmagess moculauon of pilgrims as a preventive measure. (ll. Rogers) 

mISm BU^ey of the Dead Sm area during 1942, including the description of 
a^m osqmw flight^test and its results. &. M. Shapiro, Z. Salhenuk ^ S. 

Infant mortality in the British West Indies. (P. G. Edge) 117-232 

Typhus research in Egypt, Palestine, Iraq and Iran. (C. E. van Rooven T w 
Bowie & K. S. Krikorian) 133-149 . ‘^owen, J. H. 

The chemotherapy of experimental leishmaniasis. I. The spleen as an 
of infection in the Syrian hamster. (K. G. Goodwin) 131-160 

A case of blackwater fever in an African girl. 0. O. Shircore) 161-102 


38 : December 1944 

Spray-killing of mosquitoes in houses — a contribution to malaria control nr. 

the Gold Coast. (L. G, Eddey) 167-197 " 

Pyrethrum ns a tsetse fly repellent : human experiments. (J. R. Holden & 
G. M. Findlay) 199-204 

Rough notes : Anopheles mosquitoes and malaria in Arabia. (P, A. Buxtonl 
2OS-214 ' 

Observations on Anophelei gambiae and other mosquitoes at Wadi Haifa. (D J 
Lewis) 215-220 

Yellow fever in the recently inoculated. (M. Elliott) 231-234 


Erratum 

In BMB 491 (VoJ. 2 No. 10-11) for pyroxidin read pyridoxine 




